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THE PERFECT CIRCLE 





IT’S RUMORED THAT: Automobile manufac- 
turers are experimenting with sliding doors for pas- 
senger cars. 

RIGHT! Already successfully applied to certain types 
of panel trucks, some manufacturers feel that sliding 


doors would eliminate much damage to cars when closely 
parked! 


*Contributed by George L. Glaser, 2839 Sunset Pl., Los Angeles 5, Calif. 
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IT’S RUMORED THAT: AILL piston rings in an 


engine have a longer effective life when PC Chrome 
Rings are used as top compression rings! 

100°% RIGHT! The wear-rate of PC Chrome Rings is 
as much as 80° below that of unplated rings. With 
their harder surface, PC Chrome Rings reduce scuffing 
and cylinder wear . . . thus extend effective-life for other 
rings by ending much of their normal punishment. 
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IT’S RUMORED THAT: Many Automobiles now 
travel nearly 90,000 miles before they reach the 
junk heap! 


AMEN! According to the Automobile Manufacturers 
Association, the average car scrapped today is 13 years 
old—has traveled 90,000 miles. Only 20 years ago, the 
average car went 26,000 miles! 
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IT’S RUMORED THAT: Night drivers will soon 
be able to see around corners! 


TRUE! An accessory is being made to do this job for 
one make of car now. The special headlight fits in the 
grille, attaches to the steering mechanism, and swings 
around one-third farther and  D 
faster than the wheels! ‘ 





*Perfect Circle pays $50.00 for any Rumor accepted for this page. 
None can be returned or acknowledged, and all become PC’s property. 
Send yours to Perfect Circle Corporation, Hagerstown 9, Indiana. 
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Fuel or Power Sources 


EXCERPTS FROM PAPER* BY 





md. 3. 


ulf Research & 


YEAR or so ago some of the pessimists (or maybe 

they were only short on judgment) put out a 
very deceptive figure for the life of our supply of 
petroleum. It was obtained by dividing the proved 
reserves only by annual consumption, coming up 
with a life of about 12% yr. 

The simplest way to expose the fallacy of the 
above figures for overall reserves is to check how 
“proved reserves” have changed with regard to an- 
nual consumption, for the last 10 or 12 yr. Pub- 
lished figures show that proved reserves have been 
increasing at better than the annual consumption 
rate each year until the war. This means that the 
expected life by this method of calculation has 
stayed reasonably constant; about 10 yr in 1937, 
14 in 1942, and 11.5 yr in 1946. It is picking up now, 
with resumption of war-delayed drilling. We should 
be justified then, if such a figure were sound, in as- 
suming that petroleum would last forever, but such 
an estimate is even more absurd than the first one 
of 121% yr. 

The fallacy is that such a method is oversimpli- 
fied; it takes no account of (a) unproved reserves, 
that is, all new, incompletely drilled fields; (b) dis- 
coveries; and (c) improved recovery in old fields. 

Known reserves are simply those which have been 
more or less completely drilled and in which we 
know closely the extent of the pools, sand thickness, 
porosity, and so forth. We have unproved reserves, 
that is, mew pools that have been only partly drilled 
and not too much is known about exact definition of 





"Paper “Alternate Fuel or Power Sources in Event of Continuing 

troleum Scarcity and Gost Increases’” was presented at SAE Annual 
Meeting, Detroit, Jan. 11, 1949. (This paper is available in full in multi- 
ithographed form from SAE Special Publications Department. Price: 
4¢ to members, 50¢ to nonmembers.) 
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pool, sand body, and so forth. These reserves have 
been estimated from equal to the proved, up to 244 
times the proved. Annual discoveries, as finally 
proved up, have so far kept pace with annual con- 
sumption, but we know that this state cannot con- 
tinue for long. Already about all the shallow pools 
have been found (1500 ft). The average depth of 
new wells has increased from 3000 to 4000 ft, and an 
increasing part of the discoveries are at 10,000 ft and 
deeper. The new pools discovered each year clearly 
will diminish toward zero and they will continue to 
average deeper. 

Taking into account the complete facts would in- 
dicate a pessimistic minimum of some 20 to 25 yr at 
present consumption, a maximum of 40 to 50. One 
cannot pin it down any closer. These figures in- 
clude, for the maximum, consideration of increased 
efficiency in use of petroleum fuel in engines. 

One thing is certain—whatever this country had 
as original oil, it has developed its resources at a 
very much higher rate than the rest of the world and 
therefore has much less of its original supply than 
any other country. This country has supplied more 
than 60% of world consumption the last few years. 


Engines of the Future 


Before considering what other liquid fuel sources 
are possible of development, it would be well to con- 
sider the possible engines of the future, some of 
which are available in 1949. 

The obvious move for improvement in any engine 
efficiency is to improve the cycle on which it oper- 
ates, that is, raise compression (and expansion) 
ratio. The move, as you are aware, is already under 
way, and 1949 is seeing engines of somewhat higher 
compression ratio. These engines, rather carefully 





designed for better cooling than has been usual, will 
run on the present 85 to 92 Research octane pre- 
mium fuels. The purpose is, if possible, to move up 
to 12.5 compression ratio as fuel becomes available. 
Experimental engines so far built need about 100 
octane Research at 12.5 compression ratio, not avail- 
able yet, and not likely to be, in large volume. The 
operating gain for this ratio is 35 to 40% over 6.5 
compression ratio, worth trying for. 

However the increased octane value is required 
only if we increase compression ratio in-a single 
stage, as in our present engines, and do nothing else. 
There are several ways in which the need for higher 
octane gasoline can be avoided. One is to employ 
the dual fuel idea offered in several forms. Another 
path is to extend the turbo-supercharger idea. An- 
other method of raising compression ratio without 
raising octane demand has been proposed, but only 
developed so far in an experimental single cylinder 
unit. The proposal uses the diesel method of injec- 
tion, with a controlled swirl in the cylinder so that 
no unburned mixture is ahead of the flame front, 
and detonation is not possible. This method has its 
attractive features, but it is not likely to give higher 
brake mean effective pressure than present diesels, 
and will therefore not improve weight per horse- 
power much. 

The best of the present engines for road-vehicles 
does not exceed 0.55 bhp per cu in., unsupercharged 
aviation engines 0.70, supercharged aviation engines 
a little over 1.0; the racing engine mentioned above 
1.5. This shows what is in the wood if we want to 
get it. Obviously reduction of weight per horse- 
power, which accompanies increase of horsepower 
per cubic inch (or bmep, same thing, nearly), is val- 
uable in permitting a reduction of weight in the 
whole chassis carrying the engine. There are more 
miles per gallon in lugging 2500 lb dead weight 
around than 3000 lb. 


Varied Economy Sources 


Other economies of a quite dissimilar nature are 
likely to be forced to the economic situation when 
petroleum becomes scarcer and more expensive. 
There has never been any reason for burning oil or 
natural gas in a central station except that these 
were cheaper than coal at the locality. About 3.8% 
of the electric power of the country is generated by 
fuel oil; about 10.3% by natural gas; 25% by water 
power; and 61% by coal. The elimination of the 
power generation from petroleum consuming would 
add about 10% to that now available for automotive 
uses. 

Another somewhat disturbing thought to the 
home-owner is that fuel oil and natural gas are 
likely to get tight enough sometime in the future to 
force a return to coal for house heating; fortunately 
we have automatic stokers available now that are as 
efficient as oil burners, and the only additional 
trouble is that of removing ashes. If such a change 
did take place it would be over a long enough time 
to allow a more or less comfortable adjustment, 
something like 15 yr. 

The present trend toward railroad diesel engines 
instead of coal-fired steam can have a large effect 
on the supply of fuel oil for other purposes. From 
the writer’s investigation, the railroads now use 24% 





of the coal produced and 8 to 8.5% of the petroleum 
fuels, so that a complete substitution of oil for coa] 
ultimately might mean a high of 44% of the tota] 
fuel oil, or 15 to 17% of the total petroleum. Any- 
body can see what effect that would have on the 
other users of fuel oils, to say nothing of the supply 
needed for the Army and Navy if we had another 
war. 

Other investigators have arrived at values much 
lower than the above for the following reasons. Col- 
lected data from operations indicate that the pres- 
ent diesel locomotives are seven times as efficient as 
steam in freight service, six times in passenger sery- 
ice, and 14 times for switching. With 27% as the 
efficiency of the diesel locomotive, this brings the 
average steam efficiency down to 4%—an appalling 
figure when we consider trial efficiencies of 10 and 
11%. Something is very much out of line here. 
Using the above high ratio of diesel efficiency brings 
the final oil total to about 5.5% or much less than 
used now, plus 24% of the coal. One thing has ap- 
parently been neglected—the present diesels get all 
high load factor service. When the dieselization is 
complete, they will also have to handle short haul 
and local passenger service, and the results will not 
be so good. 

We can now take a look at the other possible 
sources of energy supply. It is an astonishing fact 
that more total fuel is used for heating than for 
power, exclusive of automotive and shipping. An- 
other surprising fact, little discussed, is that the use 
of electric power is increasing faster than the use 
of petroleum products. 

Without going into details or any discussion of the 
authority of estimates, we can take a look at our 
present consumable sources of power and heat. 


Years Reserve at 1947 
Total Consumption 


Maximum Minimum 
RS ey eee rer Ae 1700 170 
er 16 5 
pc * ee 12 5 
I rcs cihhee x acces 32 8 
1760 188 


This table is prepared on the basis of each of the 
fuels being used for the whole energy supply for 
heat and power for 1947, so the whole can be added 
to arrive at a total energy supply. The huge differ- 
ence between the maximum and minimum estimates 
is due principally to two factors; first we have in 
many cases greatly reduced the estimated reserves 
in coal by recent surveys, not yet complete; second, 
the minimum estimates take into account recovery 
of these reserves, which is never 100%. Coal used 
to be about 50%, is now nearer 70% and may im- 
prove; oil was 10 to 20%, now nearer 70% and in 
some cases has reached 85%. 

We do not know the ultimate reserves in oil, nat- 
ural gas or oil shale because they have not been all 
discovered yet. In the case of oil shale, we do not 
know the efficiency of recovery. 

One thing is certain; the safest estimate of re- 
sources will be down toward the minimum, and in 
any case petroleum, natural gas and oil shale are 
relatively small in both estimates. It is, therefore, 
quite plain that if we are to get the requisite liquid 
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fuel required for all automotive use, efforts should 
be directed to accomplish the following: 


1. Designers should consider the transfer of all 
energy use possible to the solid fuel, from liquid, re- 
serving liquid and gaseous fuels for those operations 
that cannot do without them. 


2. Raise the efficiency of all heat and power trans- 
formations; the automobile has 5% overall effi- 
ciency; utilities power generation is now 20%; steam 
locomotive 5%—pretty bad, but we know these can 
be raised and in many cases they are being raised 
now. 


3. Determine the best methods for supplementary 
supply of liquid fuels, at the nearest to reasonable 
economic production and permanence. Much is 
being done on this now. 

In addition, because there will be more time, we 
must study the replaceable or permanent sources of 
power: sun, air, water, earth-heat and wood. 


Permanent Sources Analyzed 


Let us look at the permanent sources a moment. 
Collection of the heat of the sun has been experi- 
mentally developed and successful small plants are 
in operation. Such a source is intermittent and in- 
troduces the problem of heat or power storage, quite 
a difficult matter. Such plants as have been built 
or proposed involve a heavy initial cost that pre- 
vents economic soundness at present, except for a 
few special cases. The Sahara desert has lots of 
heat, no water, no fuel; here even now, sun-collect- 
ors are justified. Tide and wave power has been the 
plaything of inventors for a century; even presi- 
dents get bitten, not to mention the public. You 
have heard of Passamaquoddy—the initial invest- 
ment is what licks such propositions until fuels are 
much more expensive. The tide and wave power 
source does not look promising at present. A few 
such plants exist, leading a very precarious exis- 
tence. 

The ordinary hydro-electric plant is familiar, and 
expansion can undoubtedly proceed here to relieve 
the solid fuel. We have a total capacity in the coun- 
try of about 50,000,000 kw, of which some 10,000,000 
kw has been built and is running. We can build the 
other 40,000,000 kw any time that the price of fuel 
makes the hydro competitive with the steam station 
for lower load factor. The reason no more hydro 
plants have been built is that, as in all the foregoing 
cases mentioned, the initial investment is much 
higher than that for a steam plant, enough so that 
unless the load factor exceeds 65% or so, the hydro 
total costs (operating and fixed charges) exceed 
those of a steam plant. 

Referring to wind power, one fairly elaborate plant 
is being built to get operating data and performance. 
Again, investment and discontinuous operation are 
the present stumbling blocks. 

All of the foregoing assist the electric power situa- 
tion, but have no bearing on automotive fuel supply, 
except as they release fuel for automotive use. 

We come now to wood, a replaceable source. Wood 
represents only 6% of the total energy used, mainly 
as Space heating, and such power supply as can be 
conveniently obtained from wastes (sawdust, ends, 
bark) in the lumber processing and tanning indus- 
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tries. There is little doubt that much more power 
could be obtained from this source, waste products 
not only from lumber but paper and agriculture; in 
the lumber industry the waste is still very large. Of 
course we never have had any kind of adequate re- 
forestation program even for replacement of straight 
lumber. Also, it should be pointed out that the use 
of agricultural products for fuels might serve to de- 
plete our soil fertility. 

Coming now to synthetic liquid fuels, the war and 
our own previous research have shown that we can 
produce gasoline from natural gas, coal, or crop 
products. The major difficulties are cost and low 
conversion efficiency. At present, gasoline from 
these sources would represent only 50 to 60% of the 
heat energy of the materials used to produce it, a 
tremendous loss of energy. Up to the present, we 
have not devised any method of synthesis of gaso- 
line that does not cost considerably more than the 
cost of gasoline from petroleum Two changes for 
the better can be expected, as ordinary technological 
development; the conversion efficiency will be im- 
proved, and the cost of the process reduced, gradu- 
ally rendering the process more justifiable. 

From the limited supply of natural gas, it seems 
inadvisable to load a low-efficiency conversion on 
top of present normal demand and growth. Gas is 
too valuable as gas to waste in this manner, and the 
complete depletion would only occur more quickly. 
Our other major reserve, coal, looks much the better 
supply for synthetic fuel. As aforementioned, wood 
is also a source of liquid fuel (as well as unconverted 
gaseous) and it has the supreme merit of being re- 
placeable. 

It will be noticed that nothing has been said about 
importing petroleum, particularly from the huge 
supply of the Near East. We are a net importer of 
crude for the first time this year. Undoubtedly we 
shall be importing greatly increased quantities of 
this crude in the next few years, but since another 
world war would, we must assume, cut off this sup- 
ply, we cannot afford to base our domestic supply on 
this external source, but must be sure we can provide 
from within the country. Even South America, 
while safer than the Near East, cannot be regarded 
as a sure source, since it must ship by water or non- 
existent rail or pipe line. The shipment of any oil 
from foreign sources can be regarded only as easing 
our main problem, not solving it. 

Shale oil is in much the same position as synthet- 
ics—low conversion efficiency, high cost. Even the 
optimistic estimates do not make our reserves of 
shale oil look much more than three times our orig- 
inal petroleum reserves and consideration of prob- 
able recovery would not justify much more than 
equal to oil; in fact, another relatively shortlived 
reserve. 


Summing Up 


Summing up, we must supplement our petroleum 
production with other sources, not tomorrow, but 
within a moderate space of years—10 to 20 say. 
Synthetic production costs will undoubtedly come 
down and petroleum products may go up. Conse- 
quently within a few years, schemes of synthetic 
production which now cost too much, may approach 
economic feasibility. 


HE torque converter would be 100% efficient if it 
were not for two things—shock losses and flow 
losses. 


Shock losses are suffered from a wrong-angle 


entrance into the vanes. Unless all kinetic energy 
first is completely transformed into pressure energy 
(a rather expensive transformation, bringing flow 
to a standstill), the oil enters a vane best in only 
one direction, regardless of how the vane is designed. 
Deviating from this direction produces shock losses. 
These shock losses lower the converter’s efficiency. 

Flow losses are suffered through the path of the 
converter, assuming all vanes are receiving the oil 
in their best possible manner. This means that the 
vane entrances are parallel to the stream of entering 
oil and the oil enters the vanes shock-free. 

Flow losses consist of vane and shell wall friction, 
edge loss at vane entrance and exit, bend loss due 
to the circular path around the core ring, loading 
loss due to the curvature and change of radius of the 
vanes, and cross flows induced by uneven vane load- 
ing. 

Total value of flow losses depends on two things. 
First, design of the path and the vanes determines 
the flow constant variation in torque converters 
designed for the same torque ratio. Second, even 
greater variation in flow constant is produced when 
the torque ratio is varied. With equally good path 
and vane shapes, a converter designed for 4 to 1 
torque multiplication has a higher flow constant 
than one designed for 2 to 1 multiplication. Thus 
efficiency at comparable flow velocities cannot be as 
high in the greater torque-multiplying converter. 

This is easy to understand if we consider what we 
must accomplish in the higher torque-multiplying 
converter. We have to change speed of rotation or 
mean radius of a given body of spinning oil to a 
higher degree to get a higher torque in this change. 
Turbine and reaction elements must perform a more 
radical operation on the same quantity of oil to feel 
a greater force while doing it. This is the loading 
loss and greatly affects the flow constant. 

The fluid itself also figures in the flow constant. 
High-viscosity oils show a higher flow constant than 
the light oils. Torque converter designers would 
prefer the maximum gravity with minimum viscosity 
in the working medium. 

Flow losses of a converter determine its design- 
point efficiency. This is the efficiency at the operat- 
ing conditions where the fluid enters the members 
parallel to the vane entrances. Shock losses add to 
flow losses at every other point of the converter’s 
operation. 

If we consider a simple three-element converter, 
shown in Fig. 1, we can see the fundamental trend of 
these shock and flow losses combined. 

Here we see a generally diminishing flow loss. 
Reason for this is that in a converter of this general 
design, flow velocity diminishes as turbine speed in- 
creases and turbine torque decreases. Less flow is 
needed to create a decreased torque. The turbine’s 
rotation causes a counter-centrifugal force opposing 
the pump’s centrifugal force. This leaves a smaller 
net driving pressure for the flow and results in de- 
creased flow. Both the flow and shock losses are 
proportional to the square of flow velocity. 

Shock losses are shown as they form at the en- 
trances of the three members. They have been de- 
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Making 
More 


signed to come to zero at the design point. It may 
not always be desirable to bring all of the shock 
losses to zero at the same time. Efficiency curve 
shape can be changed by varying the points where 
each element’s shock loss comes to zero. But in 
this design we have brought them all to zero at the 
same time. 

Highest shock loss is the stator entrance loss. It 
starts quite high at stall and rises rapidly after the 
design point. Two things affect this shock loss— 
turbine speed and flow velocity. 

This particular turbine has a high degree of back- 
bend at its exit. This means that when the turbine 
speed is zero, or near zero, there is a high-speed 
backward rotation of oil coming out of the turbine 
into the stator. As the turbine picks up forward 
speed, the net rotation of the oil coming out of it 
is reduced to less backward spinning. 

If the flow velocity decreases at the same time, 
this exaggerates the rate at which backspin is lost. 
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Fig. 1—Losses in a simple three-element torque converter 
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Torque Converters 
Efficient 
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The result is a rapid change of absolute direction of 
the oil entering the stationary stator and the forma- 
tion of a serious shock loss at either side of the de- 
sign point. 

Pump entrance loss is the next serious one in this 
design. It also depends on two things—decreasing 
flow velocity and increasing pump speed. In this 
design the pump speed begins to rise rapidly at 
higher turbine speeds. Result is that the ever- 
diminishing forward spin of the oil (due to the ever- 
diminishing flow velocity) delivered to the pump by 
the stator, is seriously mismatched with increasing 
physical rotational speed of the pump entrance. 
This shock loss begins to rise quickly at higher tur- 
bine speeds. 

The turbine entrance gets along much better in 
this design. It receives forward-spinning oil from 
the pump, whose exit angle has considerable back- 
bend. Backbend of the pump deducts from the 
forward spin of the oil in proportion to the flow 
velocity. As flow velocity decreases this deduction 
also decreases, resulting in an increased forward 
spin from the pump. A natural matching condition 





* Paper “Is the Torque Converter Going To Be ‘It’?”” was presented at 
SAE Annual Meeting, Detroit, Jan. 12, 1949. (This paper is available in 
Tull in multilithographed form from SAE Special Publications Department 
Price: 25¢ to members, 50¢ to nonmembers. } 
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EXCERPTS FROM PAPER* BY 


Oliver K. Kelley 


Engineer in Charge of Transmission 
Development, 
GENERAL MOTORS CORP 


exists here, tending to keep the increasing oil spin 
abreast with the increasing turbine speed. This 
keeps the turbine entrance shock at a relatively low 
value throughout its range of operation. 

Examining these shock loss and flow curves to- 
gether shows why the efficiency curve droops at both 
sides of the design point. This was recognized early 
in the evolution of the torque converter and the 
German Trilock design was the first attempt to do 
something about it. 

In the Trilock design the stator was mounted on a 
freewheeling element, arresting it when the reaction 
force on the stator was backward, permitting it to 
rotate forward after the direction of the entering 
oil had changed enough to begin to create a forward 
force on the stator. 

Shock losses naturally continue to increase at the 
stator entrance as the direction of the oil turns 
more and more away from the blade entrances. 
But they do not continue to increase if at a given 
point the stator begins to move in the direction of 
the entering oil. 

In Fig. 2 we see a typical stator vane showing the 
entering oil coming in at different directions, cor- 
responding to different conditions. A shock angle 
“A” is formed at lower turbine speed. Next the oil 
enters shock-free at the design point. A little later 
shock angle “B” is formed, and then angle “C.” 
When angle “C” is formed, the angle equals the 
total included angle of the member. (This total 
angle is higher in high torque-multiplying con- 
verters.) 

The oil now is entering the member parallel to its 
exit; the member no longer is changing the direc- 
tion of the oil. Thus the member is not feeling any 
torque at this time. This is the point where the 
member would begin to freewheel if permitted; 
certainly there would be no reason for preventing it 
from freewheeling. To keep the members locked 
from now on would produce further increases in 
shock angles “D” and “E,” still getting the same 
direction of flow out of the member. 

When the member is permitted to freewheel at 
point “D,” the shock angle cannot change from then 
on. The member will assume forward rotational 
speed until its relative situation in reference to the 
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1. The Owen magnetic electrical drive was an Ameri- 

can attempt to produce an infinitely-variable, fully-auto- 

matic drive. Trouble with the electrical drive is that 

it must be designed for a high percentage of engine 

power to keep it from being overloaded. It becomes 

too bulky, too expensive, and too inefficient to qualify 
for an automobile. 


2. Problem encountered by the Carter Car friction drive 

was life of the driving surfaces. If the driving surface 

stresses are reduced, the friction drive becomes too 

inefficient and too bulky for a passenger car. These 

fundamental considerations were crystallized by failure 

of the Owen and Carter drives to meet keener com- 
petition that followed. 


3. The Constantinesco mass-inertia drive was produced 
in limited quantities for a small French car. Here 
oscillating velocity was imparted to a hinged weight by 
a connecting rod from-the engine’s crankshaft. The 
drive made use of the hinge point’s reaction to the 
weight’s acceleration. Since the oscillation also had to 
be reversed by the engine, hinge reaction would reverse 
and had to be absorbed by some different system of links 
to keep it from canceling the drive. This meant that 
ratchets had to be used to connect the hinge reaction 
alternately to the two opposite sides of the driven shaft. 
The drive failed because of the ratchets. 


4. Inability to make good ratchets also 
accounted for the failure of the French 
DeLavaud drive. If we knew how to build 
a reliable, compact ratchet—taking heavy 
forces and capable of withstanding millions 
) of force cycles—our search for an auto- 
} matic transmission would be over. As in 
/ the DeLavaud drive we would swing one 
end of a beam by a connecting rod from 
the crankshaft and have a longitudinal slot 
in the beam, extending almost its full 
length. In this slot we would mount a 
sliding fulcrum block which could be moved 
back and forth externally to increase or decrease swing of the 
other end of the beam. Then we could use a ratchet at the 
other end of the beam to get a push from it in one direction 
only onto a proper ratchet wheel on the output shaft. 
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incoming oil remains at this condition. As the flow 
velocity continues to decrease, total value of this 

shock loss will decrease, but the shock angle stays 

constant. 

While freewheeling, the member does not change 
the spinning velocity of the oil going through it. 
At higher turbine speeds there is definite gain from 
this, as far as entrance shock in the pump is con- 
eerned. A higher speed spin will enter the pump 
when the stator is freewheeling. This reduces pump 
entrance shock so that there is a double gain from 
the freewheeling action. 

The results are shown in dotted lines of the dia- 
gram in Fig. 2. Combined effect of these two shock 
losses, turning downward, increases efficiency in- 
stead of further deteriorating it. (This has been 
used in, the White Motor Co.’s Hydrotorque Drive.) 

The polyphase converter in Buick’s Dynaflow uses 
this principle at three points of its operation. The 
stator member is cut into two independently free- 
wheeling units. See Fig. 3. ‘ 

At first a small shock angle “A” results. Soon 
after the zero point is reached and shock losses 
would be detrimental later if the stator were solid. 
But as soon as shock angle “B” is reached, the first 
stator begins to freewheel and its shock loss from 
then on begins to diminish. The second sta’ or does 
not have to suffer very long before its shock angle 
“C” is equal to its total included angle; and it too 
begins to freewheel. From then on its losses also 
diminish. 

Total shock losses of the two stators in the entire 
operation range would amount to very little, com- 
pared to what it would have been had the stator 
been solid, or if a single-piece stator were used and 
permitted to freewheel—as in the early Trilock de- 
sign. The efficiency curve shows resulting improve- 
ment at both points “B” and “C,” where each stator 
begins to freewheel. 

A similar action is designed to take place at the 
pump entrance. Fig. 4 shows the two-piece con- 
struction. It permits the first part to freewheel on 
the main pump, run ahead of it when it wants to— 
but never lag behind it. For these reasons the two- 
piece construction yields substantial saving in the 
pump entrance shock loss. 

At first a small shock angle “B” is suffered in 
relation to the second pump vane if the first pump 
vane can be freewheeled out of the way by the oil. 
This is quickly followed by the zero point in relation 
to the second pump vane, and a little later by a new 
Shock angle “A.” This angle coincides with the exit 
angle of the first pump vane and means that from 
then on the first vane no longer will freewheel. 

A little later comes the zero point for shock losses 
to the first vane, and then a slightly increasing en- 
trance shock at higher turbine speeds, producing a 
Shock angle “C.” Total shock losses are almost 
harmless compared to the loss of a one-piece pump 
vane. 

Point “A” also shows on the efficiency curve. The 
resulting curve indicates greater overall efficiency 
than the previous curve, based on two freewheeling 
Stators but one-piece pump member. The polyphase 
efficiency curve produces satisfactory work-range 
efficiency with excellent cruising efficiency. 

Further improvement in torque converters no 
doubt will continue at an accelerated pace. The 
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Fig. 3—Using two independently-freewheeling stator members cuts 


shock losses considerably 
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FIGURE 13 


Fig. 4—Two-piece pump vane construction makes pump shock losses 
negligible 





search for a lower flow constant will pay off in in- 
creased efficiency and the ability to carry greater 
torque multiplication. Designers will strive for the 
lowest possible input speed consistent with the high- 
est torque multiplication at stall. This means that 
even with complete shock elimination at stall, the 
flow constant has to be as low as possible. 

Designers are equally eager to extend the range 
of torque multiplication to higher turbine speeds, 
permitting the input speed to increase with the in- 
creasing turbine speed. This means careful propor- 
tioning of the turbine’s counter-centrifugal pressure 
to induce higher circulation necessary for torque 
multiplication. 

There always will be a compromise between the 
desired efficiency at different operating speeds. It 
is not easy to achieve efficient cruising with a con- 
verter capable of high efficiency at great torque 
multiplication. Engineers responsible for the final 
decision will compromise the solution according to 
their best judgment. 





For Trucks... 





BASED ON PAPER* BY 


Howard L. Willett, Jr. 


Executive Vice-President, THE WILLETT CO. 


NLY way for a fleet man to decide between diesels 
and gasoline engines for his trucks is to base his 
selection on a study of his own operation. For a 
valid comparison he should use the “cutaway” 
method rather than the. usual “historical” method. 

In the “historical” method, truck cost factors— 
such as mileage, gas, oil, maintenance, tire repairs— 
are accumulated monthly, semi-annually, or an- 
nually over the life of each individual truck. These 
accumulated figures then are used either individu- 
ally or averaged to make comparisons. 

Failure of this method to consider three large 
groups of differences encountered in everyday opera- 
tion invalidates it. The three factors are: 

1. Variations in cost of the same vehicle opera- 
ting under different conditions. 

2. Variations in cost between different vehicles, 
even though they operate under identical conditions. 

3. Variations in costs due to demand for service 
even though the units and operating conditions are 
constant. 

Items under the first category of differences which 
the “historical” method fails to take into account 
include payload, vehicle age, terrain, season, driver 
morale, price of fuel and parts, mechanics wages, 
accounting practice, and monthly mileage. 

Unless the payload handled is the same, the fleet 
man cannot make a comparison. The same truck 
will cost more to operate loaded than empty. Cost 
of vehicle operation also increases with age. The 
same truck will cost more per mile per operator 


Continued on page 27 





* Paper ‘Gasoline Engines Versus Diesel Engines for Trucks,” was pre- 
sented at SAE Annual Meeting, Detroit, Jan. 11, 1949. (This paper is 
available in full in multilithographed form from SAE Specia! Publications 
Department. Price: 25¢ to members, 50¢ to nonmembers. ) 
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Explains Diesel's 


IESEL engines accrue a nearly 50% saving in 

fuel cost per mile, compared with gasoline 
powerplants, for two reasons. First, the diesel 
cycle has a higher thermal efficiency because 
of higher compression pressures. Second, the 
diesel has better part-load and idling economy. 

Thermal efficiency is the percentage of latent 
heat of the fuel released by combustion, which is 
converted into power. Some diesels show 35% 
thermal efficiency against 25% for the gasoline 
engine, a gain.of 40%. Although diesels use a 
greater percentage of energy in friction, they waste 
less in exhaust and cooling losses so that a net 
gain in useful power results. 

The diesel’s higher thermal efficiency stems 
basically from its higher compression ratio. While 
the compression ratio of modern gasoline bus 
engines ranges between 6 and 7 to 1, that for the 
diesel is between 15 and 16 to 1. And compression 
pressures will be even higher in proportion since 
the diesel is not throttled while the gasoline engine 
is. Thus, under average conditions, compression 
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Fig. 1—Diesel engine air-fuel ratios contrasted with those 
of gasoline engine at full load (left) and at variable loads 
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Fuel Economy 


PTS FROM PAPER** BY 


M. = Horine Sales Promotion Manager, 


Nack Mfg. Corp. 


pressure o* the gasoline engine is considerably be- 
low maximum. 

Volumetric efficiency of the diesel usually is 
higher too; because there is no need for keeping up 
intake manifold gas velocity, the manifold is larger 
and offers less restriction. 

Compression pressures in bus-type gasoline en- 
gines rarely exceed 140 psi; in diesels it rises up to 
500 psi. It is this high compression pressure which 
provides self-ignition in the diesel, which in turn 
makes possible the immensely greater range of 
useful air-fuel ratios. 

Fig. 1 shows typical air-fuel ratio curves of gaso- 
line and diesel engines. Of particular interest is 
the difference in part-load ratios, as shown in the 
curves at right. Here we see the gasoline engine 
ratios ranging only from 12 to 15 to 1, while the 
diesel range is from 18 to 1 to well over 100 to 1. 
This shows why the diesel is more economical 
under part-load conditions. 

Such economy is possible because the diesel 
always operates at full compression pressure for 
each speed; power output is varied by the air-fuel 
ratio, with thermal efficiency high at all loads and 
speeds. The gasoline engine operates at a nearly 
constant air-fuel ratio, but with sharply varying 
compression pressure. Consequently it operates at 
widely-variable thermal efficiency. 

One other way in which the diesel engine saves 
fuel is in drifting or decelerating. Some diesels 

(not all, but the best of them) have their gover- 
nors arranged so that fuel feed stops altogether 
whenever the accelerator is released above idling 
Speed. At such times the gasoline engine consumes 


fuel at a high rate, though producing no useful 
power. 


“Diesels in Transit Buses,” was presented at SAE 

politan Section Meeting, New York, Dec. 16, 1948. 

paper is available in full in mimeographed form from 

pecial Publications Department. Price: 25¢ to mem- 
¢ to nonmembers.) 
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_.. For Buses 





Basco ON paper*** BY E. N. Hatch 


Board of Transportation, 
New York City Transit System 


IESELS are more economical than gasoline engines 
for city bus operation, our studies reveal. They 
yield an overall economy in 40-passenger and larger 
buses because fuel savings with diesels over a rea- 
sonable period exceed their higher first cost, com- 
pared with gasoline engines. 

Other factors must be considered in making the 
choice between gasoline and diesel engines—such as 
maintenance costs, fuel availability, and public ac- 
ceptance. But their relative importance depends 
upon the particular operation. 

Data for engine costs were obtained in 1946 from 
bids on several hundred 45-passenger buses for city 
operation; we called for cost of engines to be pur- 
chased as spare units. Average cost of a gasoline 
engine, based on bids by three manufacturers (see 
table 1), was $2024.25. Cost of a diesel engine, 
quoted by one manufacturer, was $3303.00. Thus the 
diesel engine cost $1278.75 more than the average of 
the three makes of gasoline engines, and $803.00 
more than the gasoline engine made by Company 
om 

Additional first cost for a diesel engine for large 
city buses was about $1000 more than for gasoline 
engines of comparable size and quality. Although 
in the latest figures this difference tends to shrink, 
the diesel engine’s first cost is higher than that for 
a comparable gasoline engine. 

Fuel cost, the next element in the comparison, is 
a major cost item to be considered in specifications 
for new buses. It depends on both purchase price 
per gallon and the amount used. Influencing miles 
per gallon are such factors as vehicle weight, engine 
design, gear ratio, number of stops per mile, ac- 





*** Daner “Diesels Versus Gasoline Engines in City Buses,” was presented 
at SAE Annual Meeting, Detroit, Jan. 11, 1949. (This paper is available 
in full in multilithographed form from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to nonmembers.) 








Table 1—Cost Quotations on Diesel and Gasoline Engines 


Make Type of Engine Cost 
Company “A” Gasoline $1443.75 
Company “B” Gasoline 2500.00 
Company “C” Gasoline 2129.00 
Company “D” Diesel 3303.00 





celeration rate, speed, grades, and wind resistance. 

To eliminate-as many variables as possible, let 
us compare buses made by one company, built at the 
same time, operating over the same streets, and 
maintained with the same efficiency. 

In our Brooklyn Division we had a fleet of 250 
buses with electric drive, 60 of which were equipped 
with diesel engines and 190 with gasoline engines, 
made by the same company. Size and general de- 
sign were the same, except for the engine design. 

My records show that in the first five months of 
1945, the diesel engines averaged 2.91 mpg and the 
gasoline engines 1.78 mpg. In terms of gallons of 
fuel per mile, we have 0.3436 for diesels and 0.5618 
for the gasoline engines. At that time we were 
paying 7.5¢ per gal for diesel fuel and 9.31¢ per gal 
for gasoline. Thus cost of fuel per mile is 2.58¢ for 
the diesel engine and 5.23¢ for the gasoline engine— 
a saving of 2.65¢ per mile with the diesel engine. 

Data for the complete year of 1945 showed 2.97 
mpg for the diesels and 1.85 for gasoline engine 
equipped buses. With an average of 45,000 miles per 
bus per year, the diesel engine would use 15,152 gal; 
the gasoline engine, 24,324 gal. Thus 9172 gal of 
fuel are saved with the diesel engine. At an average 
cost of 9.31¢ per gal for gasoline and 7.5¢ per gal for 


diesel fuel, this represents a saving of $1128.16 per 
bus per year. 


Up-to-Date Fuel Costs 


But the cost of gasoline and diesel fuel has in- 
creased considerably within the last year. For ex- 
ample, average for all of our division for the 12 
months ending June, 1948, cost was 11.55¢ per gal for 
gasoline and 11.72¢ per gal for diesel fuel. On gaso- 
line we averaged 2.76 mpg during this period and 
3.27 mpg on diesel fuel. Again at an average of 
45,000 miles per bus per year, the gasoline engine 
would consume 16,304 gal, at a cost per bus per year 
of $1883.11; the diesel engine would require 13,761 
gal at a cost of $1612.79. This is a saving of $270.32 
per bus per year in favor of the diesel engine run- 
ning 45,000 miles annually. 

Miles per gallon of fuel varies with vehicle and 
engine design as well as with operating conditions. 
For example, a postwar 41-passenger bus, with gaso- 
line engine and hydraulic drive, averaged 3.53 mpg 
on one route and 3.33 mpg on another. Both routes 
normally would be considered level. Another make 
—a 45-passenger bus with gasoline engine and hy- 
draulic drive—averaged 2.29 mpg on the same route 
over which the 41-passenger bus gave 3.53 mpg. 

A 45-passenger bus, with a four-cycle diesel engine 
and hydraulic drive, averaged 4.78 mpg in the first 
8904 miles; hills up to 10.5% grade were in this route. 


A 50-passenger bus of another make, with a two- 
cycle diesel engine and hydraulic drive, averaged 
3.97 mpg in the first 8927 miles on the same run. 

Review of our records convinces me of this: Com- 
pared with the gasoline engine, the diesel engine 
accrues about a $500 saving per bus annually in fuel 
costs in our type of service for buses of the 40-pas- 
senger size and over, where cost per gallon of diese] 
fuel and gasoline are the same. 

On the basis that diesel engines cost about $1000 
more than gasoline engines and save about $500 an- 
nually in fuel costs in our type of operation, they 
will pay for themselves in approximately two years. 
Operations after that period will yield savings, com- 
pared with the gasoline engine. But again remem- 
ber that the break-even point, considering only fuel 
savings versus higher initial cost, will depend on the 
particular operation and the specifics of the case. 


Evaluates Other Things 


Other factors worth considering in deciding be- 
tween diesel and gasoline engines are maintenance 
costs, engine and fuel availability, operating re- 
quirements, and public acceptance. 

In our operation there is little difference in cost 
of maintaining either type engine. Daily service 
required each time the bus is pulled off the road is 
about the same for either gasoline or diesel engines. 
Manhours to overhaul the diesel engine compare 
favorably with that for a similar-size gasoline engine 
of good design. 

Having fuel oil where we want it and when we 
want it is a must. It requires garages planned to 
handle both types of fuel. Dispensing more than 
one type of fuel adds to your costs. There must be 
no mixing of fuels in servicing the vehicles. The 
disadvantage of mixing a few diesels with gasoline 
engine buses must be considered by the small opera- 
tor. 

From an operating viewpoint, the diesel has a 
definite advantage in service requiring the engine to 
work at or near maximum capacity for long periods. 
The diesel’s advantage in city bus operation—with 
considerable stop and idle time—is in the fuel sav- 
ing. However, gasoline engines are quieter and emit 
less exhaust smoke. 


Diesel Nuisances 


This smoke problem as well as the diesei noise 
one are important from a public acceptance stand- 
point. Diesel exhaust smoke can be minimized by 
using the right kind of fuel, good preventive main- 
tenance, and careful adjustment of the maximum 
fuel setting. While the diesel engine is not as quiet 
as some gasoline engines, this has been controlled 
to where we have not had any serious complaints 
from the public. 

I am convinced that the diesel engine in city bus 
operation is definitely more economical than buses 
equipped with gasoline engines. This conclusion is 
based on my experience with 1744 new buses (1234 
with diesel engines and 510 with gasoline engines) 
purchased since 1946, having the latest design ad- 


vantages and coupled with good preventive main- 
tenance. 
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Diesels . . . for Trucks 
By Howard L. Willett, Jr. 


Continued from page 24 


when five years old than when new. By the histori- 
cal method of cost accumulation you might find 
yourself comparing 10 new trucks with 10 five-year- 
old ones. 

Terrain also exerts considerable influence over cost 
per mile. For example, the same vehicle will have 
a very different cost per mile operating on flat high- 
ways of the middle west as against off-the-highway 
logging operations. By the same token a truck 
operating in a section of the country where there 
are winter snow, ice, and cold conditions will run up 
higher costs during winter than during summer. 
Longer warming-up and idling periods as well as ex- 
penses for chains, antifreeze, and heaters are re- 
sponsible for this. 

Thus the same truck will cost much less to operate 
in summer than in winter, less in a mild winter than 
ina tough one, less in Florida than Minnesota. These 
variations are not differentiated by the historic 
method. 

Nor does it consider that a driver with low morale 
will operate the same truck at a higher cost per mile 
than will a driver with high morale. 

Another factor fluctuating violently—mostly up— 
during the past few years is the price of fuel, sup- 
plies, and parts. If a truck average 5 mpg in 1944 
when gasoline cost 15¢ per gal, cost per mile for 
gasoline in 1944 would be 3¢. If the truck averaged 
the same 5 mpg in 1948, but gasoline cost 20¢ per gal, 
the cost per mile would be 4¢—a 331/3% increase 
due solely to price change. 

Cost study by the historical method will yield 
a distorted picture on a second steadily-rising cost— 
mechanics wages. They have increased 85 to 100% 
since 1940 so that cost per mile for maintenance 
labor has grown each year from this cause alone. 

Frequently changes in accounting practice affect 
truck cost per mile. For example, sign painting on 
the truck may be charged to advertising one year 
and truck operation the next. Tire adjustments 
may be handled as a credit against tire repairs in 
one period, or may be credited against new tire 
purchases in another. 

Last item under varying conditions, not recon- 
ciled by the historical method, is monthly mileage. 
Experience has shown that cost per mile varies with 
the miles operated per day, month, or year. Assum- 
ing that a truck is on the street 8 hr per day, it will 
get lower miles per gallon and higher maintenance 
cost per mile if it goes 20 miles during the day in- 
stead of 100 miles. This is logical because if the 
truck goes 100 miles, it does not have the opportunity 
to idle—more rpm’s are converted into miles at a 
better gear ratio and at a more efficient point on 
the engine power curve. 

Even if by some legerdemain we eliminated all 
these cost variations in the same truck due to differ- 
ent operating conditions, we still must cope with the 
second group—cost variations between different 
vehicles, even when operating under identical con- 
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ditions. Here the historical method neglects differ- 
ences in engineering, quality of manufacture, and 
Style. 

A truck tailor-made for a job will yield better cost 
per mile than one which is not. You know what 
happens by operating a 10 to 1 axle-ratio truck on 
a highway job, or running a 4 to 1 axle on a low- 
mileage shuttle operation. Neither tailor-made 
economies nor high costs due to lack of proper 
engineering show up in the historic approach. 

If differences in manufacturing quality exist, 
they too must be considered. Sales departments of 
every truck manufacturer, oil refiner, and tire com- 
pany tell us their particular product produces the 
lowest cost per mile. 

Differences in style affect maintenance costs. 
For example, rounded and beaver-tail bodies and 
cab-over-engine trucks—demanded by some man- 
agements—boost maintenance bills. Yet the his- 
toric analysis disregards these items. 

Even if the same vehicles are compared operating 
under identical conditions, variations in demand 
for service must be considered. Differences in de- 
mand for service by the operating department will 
vary maintenance costs. 

While the historic method neglects these factors 
and distorts the picture, the cutaway method gives 
the facts in true perspective. This cost analysis 
method was so named because it shows how all the 
necessary parts are really related. 

First step in the cutaway method is to select like 
things as our sample. If we want to compare 
peaches with peaches, we dip into the basket and 
throw out all pears, apples, and grapes so that only 
peaches are left. Cost records should be compared 
only of vehicles truly alike—carrying the same load, 
over the same terrain, for the same fairly short 
calendar period. 

By hand picking the sample, we eliminate all 
trucks not carrying the same payload. Eliminated 
next are all trucks not operating over the same 
terrain. Only those with the same style and 
similarly engineered are picked. Selecting the same 
calendar period eliminates seasonal cost variation, 
and also assures about the same driver morale. A 
short calendar period also introduces very little 
variation in prices of fuel, supplies, parts, and me- 
chanical labor. Same applies to accounting prac- 
tices and operating department demands. 

Next step is to sort out vehicles as to age and 
manufacturer, grouping one-year-old trucks by 
manufacturer A in one classification, two-year-old 
trucks by manufacturer A in another, and so on. 
Series of charts then are made for each group, show- 
ing cost per mile and miles per month. Costs in- 
cluded are: fuel, preventive maintenance, grease, 
oil, parts, labor, tire repairs, washing, and shop over- 
head. 

Each of these charts reveals a specific relationship 
between number of miles of operation and cost per 
mile. An average line on each chart will then repre- 
sent the cost for that manufacturer’s vehicle, at 
that age, at that mileage per month. To get true 
cost over the life of a vehicle of certain manufacture, 
take the age group averages and add them up. 

The resultant picture is a valid comparison and 
will give the operator a true picture of which is more 
economical for his fleet—diesels or gasoline engines. 





RTCA Plans Complete 


ExcerPTs FROM PAPER* BY TJ). W/. Rentzel and F. B. Lee 


PECIAL Committee 31 of the Radio Technical 
Commission for Aeronautics has drawn up an air 
traffic control plan—on which the country has al- 
ready embarked—to make all-weather flying a 
reality within a few years. 

The size and scope of the plan is such that RTCA’s 
most economical estimates reveal that the plan will 
cost more than $1,100,000,000 and will take until 
1963 to complete. 

The plan is set up in two parts: the Transition 
Program and the Ultimate Program. 

The Transition Program should do much to relieve 
present congestion and increase schedule reliability. 
It incorporates items like omnidirectional VHF 
ranges, VHF voice communication, and CGA which 
are part of a program started earlier by the CAA. 
The Transition Program should be completed in 
1953. 

The Ultimate Program aims to cradle our civilian 
and military aircraft with certainty and safety 
from take-off to landing. All the ground and air 
devices of the Transition Program will be fitted into 
the Ultimate System, which will be almost com- 
pletely automatic. 

Actual devices to carry out much of the plan for 
the Ultimate Program have not been devised. But 
the requirements have been carefully outlined by 
the RTCA, and the general principles on which the 
devices will operate are known. There is little doubt 
that the needed equipment can be produced. 

Here are some of the functions which the com- 
bined systems aim to accomplish, according to an 
RTCA report: 

Provide safe separation of aircraft by automatic 
means without impeding the flow of traffic. 

Reserve a prescribed airspace for the next in- 
tended move, whether this be straight ahead, reverse 
course, up, down, right, or left. 

Establish separate but adjoining units of airspace 
at all the various levels above the ground—in other 
words, vertical and horizontal block systems. 


* Paper “Effect of RTCA Program in Obtaining Regularity in Air Oper- 
ations” was presented at SAE National Aeronautic Meeting, Los Angeles, 
Oct. 7, 1948. (This paper is available in full in multilithographed form 
from SAE Special Publications Department. 


Price: 25¢ to members, 50¢ 
to nonmembers.) 
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Arrange the flow of traffic automatically to obtain 
maximum use of the runways at the airfields along 
the route, causing a minimum delay to the aircraft. 

Indicate when and where aircraft can be inserted 
into the traffic flow so that they can be sequenced 
by lane and time. At the same time, the system 
must permit rearrangement of the traffic flow to 
handle emergencies, special priorities, and other 
operational irregularities. 

Provide a means to control aircraft experiencing 
equipment failure. 

Control aircraft flying on courses other than 
ordinary routes. 

Readjust the flow or sequence of aircraft when 
conditions such as severe thunderstorms require a 
change in the flight track. 

Transmit to the aircraft, and display to the pilot, 
such traffic control clearances as “go up,” “go down,” 
“go right,” “go left,” “hold,” or “proceed.” 

Segregate aircraft which have different speed 
characteristics whenever necessary but not preclude 
aircraft of different speeds from using the same lane 
when this is desirable. 

Collect, transmit, store, and display information 
on the operation of every aircraft in the system. 
While information on every aircraft need not be 
displayed at the same time, provision must be made 
to display readily the information for any area 
desired. Automatic warning of conflicts and emer- 
gencies must be provided. 

The system must be designed so that mechanical 
or electrical failure cannot give a dangerously false 
indication. 

These are only a few of the requirements. The 
system’s task is fantastically complex. Before the 
war, such a system could not have been established. 
But new developments, such as radar and other 
electronic devices using extremely high frequencies, 
have given us the tools which make such a system 
possible. é 


Transition Program Started 


A considerable portion of the equipment needed 
to fulfil the aims of the Transition Program is al- 
ready available. Some is already operating. 

One important piece of ground equipment is the 
omnidirectional, very-high-frequency range which 
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provides courses in any direction chosen by the pilot. 
More than 300 of these ranges were scheduled to be 
put in operation in 1948 by the CAA. We expect 
them to be in general use by the airlines and non- 
scheduled operators before the end of 1949. Very- 
high-frequency voice communication is in operation 
along the CAA airways today and its use is increas- 
ing rapidly. These items, like many others in the 
Transition Program, were part of a program which 
was started by the CAA long before the RTCA report 
incorporated them into the all-weather system. 

The Transition Program calls for primary sur- 
veillance radar. Operational tests of this type of 
radar are now going on, and procurement contracts 
probably will be let during this fiscal year. 

The Air Navigation and Development Board, 
which is responsible for carrying out the details of 
the all-weather program, is studying the require- 
ments for secondary radar coverage and expects to 
have development specifications ready by July, 1949. 
Both types of radar should be in general use by 
1953 or 1954. 

Distance-measuring equipment, which will give 
the pilot continuous information of his position, is 
now being developed by the Air Force and the CAA. 
We expect this equipment to reach the stage of 
limited procurement and operational trials by July, 
1951. 

The first test model of a mechanical interlock 
System, designed to replace the laborious hand 
posting of aircraft movements, is now being in- 
Stalled at Washington National Airport. Procure- 
ment specifications will be ready sometime this year, 
and the equipment can go into general use soon 
thereafter. 

Precision beam radar, known commonly as GCA, 
has been service tested by the CAA for civilian use 
at Washington, New York, and Chicago. Contracts 
for additional equipment have been let, and other 
contracts will follow. It will be used to supplement 
and double-check operation of the CAA Instrument 
Landing System. If desired, it can be used as an 
independent landing aid. The scheduled airlines 
are now reaching the point where Instrument Land- 
ing System approaches are routine at all our large 
airports. 

Devices for helping get maximum use from airport 
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runways must be developed. They probably will not 
come into general use before 1954. Approach-con- 
trol timing equipment, on the other hand, is now at 
the stage of final operational testing. 

In addition to these ground devices, a number of 
pieces of airborne equipment must be developed 
for the Transition Program. Many of these are now 
in various stages of development, and the specifica- 
tions for the others will be ready by next year. Na- 
tional operational adoption of these devices is 
scheduled for 1953 and 1954, although some, like the 
light-weight VHF communication and navigation 
receiver being developed with CAA funds, will be 
in production in 1949. 


Entire Flight Guided 


The Ultimate System will be the greatest develop- 
ment in aviation since the invention of the airplane 
itself, we believe. A double system of position de- 
termination will guide each airplane from take-off 
to landing. Although completion of the program is 
10 to 15 years away and most of the equipment for 
it is yet to be constructed, procedures and plans for 





The Radio Technical Commission for Aero- 
nautics is an organization of governmental and 
industrial agencies concerned with development, 
application, and use of radio in aeronautical op- 
erations, formed in 1935 upon invitation of the 
Assistant Director of Air Commerce of the U. S. 
Department of Commerce. 


Special Committee 31 was appointed in June, 
1947, to develop basic air traffic control prin- 
ciples and to outline equipment and procedures 
required to implement air traffic control prin- 
ciples. 











bringing it about are already established, and the 
program is under way. 

In somewhat simplified form, here is how this 
Ultimate System will work: 

At each General Control Area, present and ex- 
pected traffic densities and information about the 
capacities of airports and routes will be fed into a 
complex calculating machine called an Airport Time 
Utilization Device. 

The pilots at the various airports in each area, 
meanwhile, will file proposed flight plans, which will 
be transmitted to the General Control Area Office. 
At this office, they will be fed into the Time Utiliza- 
tion Device, which will determine whether the pro- 
posed routes and timings are free from conflicts. If 
so, each pilot will be notified. If the device detects 
a conflict, it will offer an alternate time and route 
for the pilot’s approval. Once the flight plan is 
approved, the device will automatically reserve the 
time and space for each flight. 

Each plane using this phase of the system will 
have a private communication line—the pilot will be 
able to communicate privately and independently 
with the CAA traffic controllers. After the pilot’s 
flight plan has been approved, he will be notified 
by this private line of his take-off time, route, and 
acceptance time at his destination. 

During take-off the pilot may use, if necessary, 
electronic aids to establish his proper course and 
climb. When he levels off at his predetermined al- 
titude, instruments before him will provide constant 
information about his distance and bearing to 
known points. By means of a computer, he will be 
able to fly whichever parallel track has been as- 
signed him. Meanwhile, his identity and position, 
as established by the equipment in the plane, will 
be reported automatically to traffic-control offices on 
the ground. 

At the same time, however, his position is being 
determined constantly by entirely independent 
equipment—a secondary radar network along his 
route. The information from the radar and the data 
derived from the plane’s equipment will be checked 
continually against each other. This will provide 
a complete double check against both pilot error 
and malfuctioning of equipment. If any significant 
discrepancy appears between the two systems, the 
controller will notify the pilot and take whatever 
action is necessary. 

Specialized air-space separation equipment and 
air-traffic control equipment will automatically 
watch over the air space at all times to prevent col- 
lisions, both between aircraft and with fixed ob- 
stacles such as mountains. If two aircraft desire to 
enter the same block of air space, one will be per- 
mitted to enter and the other automatically warned 
to stay out. 

At any time during the flight, the pilot can request 
‘minor changes in his traffic-control clearances. To 
‘do so, he will merely push appropriate buttons, and 
‘the request will be automatically transmitted 
‘ through the aircraft’s private-line system. Depend- 
-ing on circumstances, the request either will be 
‘displayed to a controller or enter automatic equip- 
‘ment which will give the pilot an answer without 

human intervention. 

As the pilot approaches his destination, automatic 
| flow-control equipment will begin making periodic 
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comparison of the aircraft’s actual position with 
its originally scheduled landing time. The pilot 
will be informed automatically of the number of 
minutes and seconds he is ahead or ‘behind his 
schedule so that he can adjust his speed accordingly, 

Each aircraft approaching the field will be auto- 
matically channeled and sequenced into the fina) 
glide path to the runway so that the best possible use 
is made of each runway. Coming in for a landing, 
the plane will be flown either by the pilot or by 
automatic equipment in precise time relationship 
to the aircraft ahead. Radar equipment will provide 
a separate check on this time-space relationship. 

Once on the ground, the private line will continue 
to give the pilot instant and complete information 
on where and how to taxi in order to clear the run- 
way immediately and avoid traffic hazards on the 
ground. During bad weather conditions, a special 
radar will keep watch over ground traffic which 
cannot be seen from the control tower. 
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Facts About NONFLAMMABLE 
HYDRAULIC FLUIDS 


N PAPER* BY 


Fred O. Hosterman 


Hydraulics Design Specialist, 
Lockheed Aircraft Corp 


UEST fer a suitable nonflammable hydraulic fluid 
Q is not an easy one because desired fluid char- 
acteristics are so many, possible compromises so few. 

For this reason the aircraft industry divided the 
problem into two phases—one for an interim fluid 
which embodies several compromises, the other for 
a final fluid which meets all of the ultimately desired 
requirements. Basic objective of the interim phase 
is development of a fluid or series of fluids, having 
improved nonflammability characteristics and which 
could be used in present aircraft with little or no 
change. 

SAE Aeronautical Material Specification 3150 
spells out requirements for the interim fluid for 
commercial aircraft. This specification defines a 
fluid with an intermediate degree of flammability 
and an increased low-temperature viscosity deemed 
acceptable for commercial aircraft. The Air Force 
has adopted similar requirements, except that it has 
not compromised on low-temperature viscosity. 

A specification for the final fluid is being prepared 
by a subcommittee of the Aircraft Research and 
Testing Committee, Western Division. Presumably 
this specification will define a fluid equal in perform- 
ance to the current mineral-base fluid AN-0-366, 
having in addition a high degree of nonflammability. 

No fluid yet developed fully meets all requirements 
for either the interim or final fluid. Let us evaluate 
presently available fluids in terms of the require- 
ments in the SAE specification, AMS 3150, and note 
the effect of each property on hydraulic system per- 
formance. 

First property, effect on packings, is vitally im- 
portant. Proper functioning of fluid seals, flexible 
hoses, and accumulator diaphragms is a must if the 
system is to operate safely and reliably. Both AMS 
3150 and the Air Force specification under way re- 
quire that the fluid be suitable with presently-used 
packing and elastomer materials. Basis for this 
assumption is that the limited improvement in non- 
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valuation of Nonflammable Hydraulic Fluids,” by Hosterman 
apers “Development and Testing of Fire-Resistant Hydraulic Fluid,” 
foreton, and “A Completely Nonflammable Aircraft Hydraulic Fluid,” 
rrington. Furby, and Stokely, were presented at SAE Annual Meet- 
troit, Jan. 14, 1949. (These three complete papers together with 
written discussions are available as a symposium (SP-106) from the 
Special Publications Department. Price: $1.00 to members, $2.00 
nmembers. ) 
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flammability does not justify the cost and possible 
hazard in changing to these materials. 

If the fluid used is suitable only for commercial 
use, the problem is further aggravated since differ- 
ent fluids and packings would be used in military 
aircraft. Two types of fluids would lead to confusion 
as well as require both airframe and equipment 
manufacturers to maintain duplicate sets of test 
equipment. 

Next property to consider is compatibility. The 
new fluid and the currently-used petroleum one 
must be compatible with each other so that the 
system will not malfunction if the incorrect fluid 
inadvertently is added to the airplane reservoir. 

Under the toxicity requirement, the fluid must not 
irritate the skin and it must be possible to inhale 
the fluid’s normal vapors for considerable periods 
while working in poorly ventilated aircraft com- 
partments. 

For viscosity we find three different values for 
low-temperature limits. AMS 3150 defines two vis- 
cosity grades. One, Grade 2000, has a maximum 
viscosity of 2000 centistokes at -40F and is pre- 
sumed to be acceptable for all commercial aircraft 
with little or no modification. The other, Grade 
7000, has a maximum viscosity of 7000 centistokes 
at -40F and would have to be restricted to certain 
types of aircraft or operations. High-temperature 
viscosity is not limited, except by pumping and 
system tests. 

The Air Force insists that viscosity requirements 
of the present AN-0-366 fluid be met. These require- 
ments are a minimum of 9 centipoises at 130F and 
a maximum of 500 centipoises at -40F. (The centi- 
poise is equivalent to centistoke multiplied by the 
fluid’s specific gravity and is a more positive defini- 
tion where a variety of base stocks is involved.) 

Specific gravity, another property, is arbitrarily 
limited to a value of 1.1 in the SAE specification. 
This was done for two reasons: first, to restrict the 
fluid’s absolute viscosity; second, to insure that the 
weight would not exceed a value known to provide 
safe and reliable operation in current hydraulic 
systems. 

Remember that fluid weight—in addition to 
increasing empty weight of the airplane—may in- 
crease materially the pressure peaks and surges 
caused by inertia effects and considerably decrease 





the system’s reliability. Here again we must guard 
against the decrease in reliability offsetting the gain 
in nonflammability. 

Another aspect of the weight picture concerns the 
cooling system. With heavier fluids, present sys- 
tems may require oil coolers since normal radiation 
may not provide adequate cooling. This problem 
becomes increasingly serious as airplanes approach 
or exceed sonic speeds. 

Evaporation and tackiness may appear to be minor 
properties; but they may become quite important 
for proper system functioning. A tacky fluid film 
on an exposed piston rod can produce early gland 
packing failures. And tackiness around a brake 
seal may prevent complete release of brake pressure 
and result in overheating and early failure of the 
brake lining. 

The fluid also should protect metals against cor- 
rosion. Because of the nature of most hydraulic 
equipment, protective coating or plating cannot be 
used on many internal wearing surfaces. The fluid 
also must resist hydrolysis since it is impractical to 
eliminate all water from the system. 

Lubrication, demonstrated by proper’ operation 
and endurance of a hydraulic pump under elevated 
temperatures and pressures, has proved to be the 
stumbling block for many an otherwise promising 
fluid. Low-temperature viscosity requirements al- 


Ester-Base Fluid .. . 


BASED ON PAPER BY 


D. H. Moreton 


Project Coordinator, 
Douglas Aircraft Co., Inc. 


N ester-base fluid such as Skydrol offers signifi- 
cant and real improvement in hydraulic fluid 
fire-resistance, pump life, reliability, and fluid sta- 
bility. 
Fire tests showed that Skydrol, or DMX-8, either 






Typical of the investigations 
of Skydrol’s effect on in- 
sulating, gasketing, and seal- 
ing materials contacting it 
is this abrasion life test for 
electrical wire. Dry wire 
samples were compared with 
those soaked in Skydrol 





most automatically insure a very thin fluid at 160F. 
Additionally, viscosity index improvers frequently 
are required and these must show good shear sta- 
bility so that the pump functions for extended 
periods. Fluid lubrication also is important to 
valves, cylinders, fluid motors, and even to the pack- 
ings since no other lubrication source is available. 

Finally to be considered is the degree of flamma- 
bility which must offset development expense, in- 
creased costs, and losses in efficiency or reliability 
of the system. Flanimability tests outlined in AMS 
3150 represent some of the means by which hydrau- 
lic fluid might be ignited in aircraft. Since it is 
difficult to assign numerical values to flammability, 
the tests are run on comparative basis with a refer- 
ence fluid, known as HS-1, as the base line. Flam- 
mability of HS-1 was arbitrarily chosen as a value 
thought to be attainable with existing base com- 
pounds, and one that would have prevented a large 
percentage of aircraft fires in which hydraulic fluid 
is known to have been a primary factor. 

A number of fluids recently have been developed 
with varying degrees of nonflammability and utility 
as a hydraulic fluid. Some are in the early stages of 
laboratory development; others now are undergoing 
actual service tests. (See discussions of the ester- 
base and halogenated fluids below). 

Table 1 shows some of the important properties 


(a Recently—Developed 


meets or exceeds nonflammability requirements for 
an AMS 3150 fluid. DMX-8 is composed almost 
entirely of high-boiling, low-volatility esters of equal 
fire resistance. For this reason its fire resistance 
cannot change through aging, filtering, or selective 
evaporation of any of its components. Tests on the 
fluid, aged for over 44 weeks in an open tray at 
160F, disclosed no change in its performance in fire 
tests. 

The composition also performed excellently for 
450 hr in a pumping test. After 450 hr the pump 
was still in good condition and was well above the 
minimum volumetric efficiency of 85%, specified by 
the manufacturer for satisfactory operation. 

Use of DMX-8 will impose no reduction in viscos- 
ity performance in aircraft that will operate satis- 
factorily on AC-3580 type petroleum fluids. Some 
design changes or low-temperature performance 
limitations would be imposed on aircraft requiring 
an AN-0-366 fluid. 

Complete cost of putting into service DMX-8 or 
any other fire-resistant hydraulic fluid cannot be 
completely assessed at this time. While costs will 
be higher, these probable cost reduction factors in 
proposed usage of Skydrol may offset them: use of 
a single fluid for expansion fluids; cabin super- 
chargers, and hydraulic systems for some aircraft; 
decreased use-rate of fluid due to lower volatility; 
and increase in life of pumps and other mechanical 
components influenced by lubricity. Prospects also 
are good for economical and satisfactory reclama- 
tion of the used fluid. 
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Effect on Stand- 
ard Packings 


Absolute Viscosity 
in Centipoises 


Toxicity 


Corrosion of 


Table 1—Properties of Typical Nonflammable Hydraulic Fluids 


An-0-366 


Present Packings 
are Designed for 
this Fluid 


8.3 at 130F 
410 at -40F 
Non-Toxic 


Non-Corrosive 


Fiuid 1 
Water Base 


Generally Satis- 


factory. Question- 


able at 160F and 
Higher 


10.3 at 130F 
1790 at -40F 


Non-Toxic 


Corrodes Magnes- 


Metals ium Vapor Phase 
Corrosion of Steel 

Pump Life Used as Refer- Inferior to 

ence An-O-366 

Approx. Weight- 7.1 8.9 

Pounds per 

Gallon 

Approx. Cost-per 95¢ to $1.00 $2.50 to $3.00 


Gallon 





Fluid 2 Fluid 3 Fluid 4 
Ester Base Halogenated Completely 
“Snuffer” Type Halogenated 
Unsatisfactory Believed to be Unsatisfactory 
Satisfactory 
9.2 at 130F 12.5 at 130F 8.3 at 130F 
6400 at -40F 612 at -40F 640 at -40F 
Non-Toxic Questionable Questionable 
Probably Toxic 
Satisfactory Reputed to be Reputed to be 
Satisfactory Satisfactory 
Considerably Believed to be Slightly Poorer 
Better than About Equal to than An-O-366 
An-O-366 An-O-366 
9.3 9.9 12.4 
$12.00 Indefinite Estimated 
$20.00 to $50.00 $8.00 





of a few typical fluids as compared with the present 
AN-0-366 fluid. These examples have been selected 
as representative of four types of compounds. Al- 
though there are many other possibilities in each 
of these families, more data are available on these 
four. 


Fig. 1 provides a clearer comparison of the flam- 
mability characteristics of these fluids. Results are 
for a simple test, consisting of soaking a pipe cleaner 
with the test fluid and passing it through a flame. 
Number of passes required to produce a self-sustain- 
ing flame is recorded in Fig. 1. Performance of the 





Nonflammable Fluids 


BASED ON PAPER BY B. B. Farrington, 
N. W. Furby, 
J. M. Stokely California Research Corp 


ALOGENATED fluids—such as our newly-devel- 

oped Fluid A—offer complete nonflammability. 
In fact they are fire extinguishers rather than fire 
promoters. 

These fluids have low-temperature viscosities 
comparable to present AN-0-366 fluids and their 
possible difficulties with corrosion have been success- 
fully overcome. They have excellent oiliness prop- 
erties, useful in systems that use pumps in severe 
service. The rubber seal problem is similar to that 
with ester-type fluids; but new types of rubber avail- 
able for halogenated fluids are compatible with 
mixtures containing as much as 50% of the AN-0- 
366 fluids before encountering shrinkage. 

Disadvantages of the halogenated fluids are 
greater density and the need for precautions in 
handling, similar to those used with carbon tetra- 
chloride or other industrial chlorinated compounds. 

Principal ingredient of this new product, Fluid 
A, is a halogenated nonaromatic hydrocarbon. The 
halogenated ingredient is inherently stable as com- 
pared to other halogenated nonaromatic hydrocar- 
bons having properties suitable for use in hydraulic 
fluids. 


Perhaps the most significant achievement of the 
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... Halogenated Fluid 


experimental work on Fluid A was the formulation 
of an inhibited fluid that is noncorrosive to aircraft 
metals, even under greatly accelerated conditions 
of high temperature and prolonged use in 3000-psi 
systems. Fluid A also contains other additive ma- 
terials to depress the freezing point, reduce wear, 
increase viscosity index, and decrease foaming. It 
does not develop tackiness in exposed thin films. 


Welding torch deflected by Fluid A demonstrates its nonflammability 
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AN-0-366 FLUID 1 HS-1 FLUID 2 FLUID 3 FLUID 4 
aes WATER BASE REFERENCE ESTERBASE SNUFFERTYPE COMPLETELY 
awe FLUID HALOGENATED 


Fig. 1—Relative flammability of typical nonflammable fluids. Tests for 

this evaluation were conducted by soaking a pipe cleaner in the fluid 

and passing it through a flame. Values shown are the number of passes 
required to produce a self-sustaining flame 


HS-1 interim reference fluid is included to provide 
a further orientation. 

Evaluation of these or similar fluids must include 
effects of the undesirable characteristics on aircraft 
performance or operation as a whole. These effects 
may turn out to be purely financial. 

Chief among these may be the increase in air- 
plane weight empty and consequent reduction in 


payload. One major airline estimated that the value 
of 1 lb of payload might amount to a revenue logs 
for a four-engine airliner varying from $31 to $154, 
depending on the type of service. For this particular 
type of airplane, the ester-base fluid in Table | 
would decrease payload by 116 lb, while the com- 
pletely-halogenated fluid would cost 280 lb. As- 
suming an average value of $90 per lb and a 40-air- 
plane fleet, annual revenue loss would be about 
$418,000 for the ester-base fluid and $1,000,000 for 
the halogenated fluid. 

To this bill must be added increased cost of the 
fluid itself. This same airline estimated its 1949 
hydraulic fluid requirements to be 22,000 gal. Com- 
pared with AN-0-366, the increased fluid cost would 
be about $242,000 for the ester-base type and $154,- 
000 for the halogenated one. Cost of one of the 
higher-priced snuffer fluids might be as high as 
$1,000,000 per year. 

If the fluid requires that packings be changed or 
that other mechanical changes be made to the 
system, these costs also must be included. They can 
be considerable when all spare parts are added to 
the total. 

These added costs may appear less significant if 
we assume the fluid change may prevent loss of 
human life or loss of an expensive airplane. But 
they must be considered in selecting the type of 
fluid. These figures indicate we can afford sizable 


expenditures to develop fluids that will reduce such 
costs. 


(Following are excerpts from discussions of the three hydraulic fluid papers.) 


Questions Economic Penalty 


In general I agree with Mr. Hosterman’s evalu- 
ation of these fluids; however, I disagree quite com- 
pletely with the cost analysis by which he arrives 
at some very large figures representing the cost of 
using high-density, nonflammable hydraulic fluids. 

He makes a statement which indicates that an 
increase in airplane operating weight necessarily 
means a reduction in payload. Under most condi- 
tions of airline operation this is not the case. And 
another important factor actually controls payload 
—volume-limited payload capacity of the airplane. 

Our studies indicate that only in rare instances 
would a high-density hydraulic fluid cause any de- 
crease in payload. Even with these rare conditions 
(a combination of extremely long-distance flights 
against very high head winds), high-density fluids 
do not affect payload except when full payload is 
available for the particular flight. A 100% airplane 
payload capacity rarely is encountered. Even when 
passenger travel is heavy and 100% payload nor- 
mally would be expected, the seats seldom are filled 
completely because of the “no-shows.” 

It is our conclusion that high-density hydraulic 
fluids cause no loss in payload, except under rare 
operating conditions; and even under these condi- 
tions full payload is not often available. The very 
high hypothetical revenue loss of $1,000,000 given 


by Mr. Hosterman is incorrect, we believe. In any 
case, the average increase in hydraulic fluid weight 
of less than 100 lb, which only rarely results in any 
payload loss, does not appear to be much of a penalty 
when a reduction in the airplane loss due to fires is 
considered. 

W. V. HANLEY 

Aviation Division, 


Standard Oil Co. of Calif. 


Navy’s Water-Base Fluid 


It has been said that water-base fluids are “in- 
herently limited because of their high viscosity at 
low temperatures.” This conception is erroneous. 

In fact an experimental water-base fluid now 
under test for the Navy exceeds low-temperature 
requirements of AN-0-366. This fluid has a viscosity 
of 10 centistokes at 130F and 480 centistokes at 
-40F. After completion of a 300-hr pump test the 
fluid viscosity had not changed appreciably. 

The Navy has been using the Hydrolube U-4 
water-base fluid in the F9F airplanes for over a year 
and will continue to install it in production F9F’s. 
No serious trouble has been encountered, although 
corrosion of magnesium brake pistons was expected 
and did occur at first. Later models have changed 
to aluminum brakes. 
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References have been made to the flammability 
of water-base fluids after the water has evaporated. 
Twelve airplanes have been operated by the Navy 
for periods of over a year with only normal makeup 
fluid being added. The water content of the fluid 
never has changed enough in a year to permit labo- 
ratory examination to detect the difference. 

The U-4 fluid represents only one step in the de- 
velopment of water-base fluids. During the past 
six months the Navy has accelerated the program 
for developing water-base fluids. From recent labo- 
ratory data it appears almost certain that the U-4 
fluid can be improved greatly with regard to both 
low-temperature viscosity and magnesium corrosion. 

C. C. SINGLETERRY 
Bureau of Aeronautics, 
Navy Department 


Hydrolube Future Hopeful 


While development of the hydrolube type fluid for 
aircraft and industrial use has not been completed, 
inherent advantages in a water-base fluid are suf- 
ficient to encourage the belief that in this field may 
lie an economical and practical solution to the fire 
hazard problems in hydraulic fluids. 

Principal problems of hydrolube type fluids are 
associated with the water itself. We have seen com- 
plex corrosion problems in automotive cooling 
systems satisfactorily solved. In the fire-fighting 
and wetting agent fields, properties of water have 
been altered markedly. Work done so far on hydro- 
lubes indicates that’ problems connected with the 
use of water in hydraulic fluids may disappear as our 
knowledge expands. 

J. M. RUSS, JR. 
Carbide & Carbon Chemicals Corp. 


Compromises Cited 


Considering the three nonflammable fluids-— 
water-base, phosphate ester, and halogenated types 
—certain factors stand out clearly. One is that the 
rubber used in packings with mineral oil is un- 
satisfactory with any of the less flammable types— 
exceedingly so with the phosphate ester and halo- 
genated types, and less so with the water-base fluid. 
With all due sympathy for the cost and complica- 
tions of a packing change, we consider the prospect 
unavoidable unless it is decided to await a new type 
of fluid that never may be found. 

It seems desirable, however, that not more than 
one packing change be necessary, and that the new 
rubber (if at,all possible) operate satisfactorily with 
mineral oil as well as with the nonflammable fluid. 
Adoption of an interim fluid with its accompanying 
packing change probably would necessitate still 
another change when giving way to a final fluid 
later on. 

Another compromise will be needed between two 
desired properties: low specific gravity and good 
honflammability. Most materials currently being 
Studied show an inverse relation between the two 
characteristics. Here again we can sympathize with 
the airlines for the loss of payload, and with the air- 
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frame manufacturers for the possible need of re- 

design to eliminate effects of increased dynamic 

loads in the hydraulic system; but the fluids today 

offer no alternative to acceptance of these problems 
in return for nonflammability. 

A. G. CATTANEO and R. G. LARSEN 

Shell Development Co. 


Stopping Magnesium Corrosion 


Since magnesium is a very widely used material in 
aircraft brakes, pumps, and other parts, I can best 
help advancement of fluid research by describing 
some of our experience with general types of or- 
ganics under consideration as fluids. 

For the most part magnesium’s reactions to 
chemicals are just opposite to those of aluminum. 
While aluminum resists most acids but is very solu- 
ble in alkalis, magnesium is quite resistant to alkalis 
but soluble in most acids. There are quite a few 
notable exceptions. 

Hydrofluoric acid and its salts and chromic acid 
and its salts do not attack magnesium to an ap- 
preciable extent under most conditions; in fact, 
they have been widely used as inhibitors. An alkali 
such as pyrophosphate will attack magnesium when 
the pH is above about 11.5. Some alkaline 24mmon- 
ium salts also may cause corrosion. 

From the standpoint of corrosion of magnesium 
parts, organic fluorides might be worthwhile in- 
vestigating. I am offering this suggestion simply 
because any possible hydrolysis would not form an 
acid which would corrode the magnesium. 

W. S. LOOSE 
The Dow Chemical Co. 


Air Force Requirements 


For some time the Air Force has maintained a 
requirement that aircraft be able to operate from 
-65F to 160F (plus any temperature rise in the 
equipment) without significant loss in reliability. 
The present hydraulic fluid, specification AN-0-366, 
will permit aircraft hydraulic equipment to meet 
this requirement. Any proposed hydraulic fluid in- 
capable of accomplishing this certainly could not be 
considered acceptable. 

In view of these facts, the Air Force does not anti- 
cipate a program to evaluate any fluids which do 
not meet these basic requirements. 

An exhibit specification has been prepared by the 
Air Force, based on development work conducted 
by and for the Air Force on halogenated “snuffers”’ 
for mineral oil base stocks or for total ingredients 
of the fluid. It may be described as a “less flam- 
mable AN-0-366 specification” with a few added 
requirements dictated by the necessary use of non- 
hydrocarbon materials. This specification is by no 
means final; it is subject to radical changes on the 
basis of additional findings. 

E. M. GLASS* 
Air Materiel Command 








not necessarily 


* Opinions expressed are those of the autho 
s mmand or the 


represent the official opinior 
U. S. Air Force. 
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BASED ON PAPER* BY Charles M. Parker 


Secretary, Committee on Manufacturing Problems 
American |ron and Steel Institute 


ACH of the six most common methods of specify- 

ing steels has distinct advantages to either the 

producer or user. No one of them is completely fair 
to both. 

These six methods are: 

1. By requesting the steel producer to furnish 
steel to make an identified part on equipment and 
by fabricating methods available to the consumer. 

2. By product commodity description, such as 
wool wire, roofing sheets, baby carriage spring steel, 
and boiler firebox plate. 

3. By chemical composition and quality designa- 
tion, as by SAE, WD, AMS, or AISI number. 

4. By mechanical properties, such as tensile 
strength. 

5. By hardenability limits, as typified by the 
standard “H” alloy steels. 

6. By formal specifications—such as ASTM, 
Federal Specifications Board, or Navy specifications 
—which may contain two or more of the first five 
methods. 

If the steel consumer has a well-rounded kKnowl- 
edge of steel manufacture and processing, and if the 
steelmaker has an intimate knowledge of the con- 
sumer’s plant and processes, then the first method 
is most equitable to both parties. 

Second method, describing steel by end use or 
commodity name, is the oldest form of specification. 
If we were to specify wool wire by this method, we 
find the commodity defined as follows: 


“Wool wire is a special commodity intended and 
solely produced for the manufacture of steel 
wool. The wire used in this highly intricate and 
exacting manufacturing process requires the 
ultimate of perfection in the stock from every 
standpoint, beginning with a special chemical 
composition and special steelmaking practice. 
The steel which will ultimately be processed into 
wool wire must be carefully selected by heats, or 
portions of heats, which will comply with the 
rigid standards considered necessary to produce 
the inherent characteristics in this wire so that 
it will perform satisfactorily in the wool cutting 
machine. These features include unusually close 
control of chemical limits by check analysis; 
specific discard; a maximum degree of steel 
cleanliness; extensive surface preparation; re- 
stricted rolling mil] practices; and rigid inspec- 
tion and testing.” 


* Paper “Steel Compositions and Specifications from the Steel Producer's 
Viewpoint,” was presented at SAE Annual Meeting, Detroit, Jan. 11, 
1949. (This paper is available in full in multilithographed form from 
SAE Special Publications Department. Price: 25¢ to members, 50¢ to 
nonmembers. ) 


as seen 


Steel 
by Producers 


This definition makes seven stipulations referring 
to that elusive thing called quality; yet none of them 
refers to the kind, type, or grade of steel. 

In accepting an order to such a specification, the 
steel producer does not reveal the exact process he 
will use to get desired results. Undoubtedly he 
gained his knowledge the hard way; in most cases, 
it would do the user little or no good to know these 
details. But notice that the advantage is all on 
the side of the consumer. The steelmaker agrees 
to do the job once he knows what kind of wool- 
cutting machine the consumer uses, what kind of 
steel wool the consumer expects to produce. 

Another such end-use or commodity description, 
which substitutes for a formal specification, is that 
for deep-drawing quality sheet steel. 

Recent studies show that persons writing specifi- 
cations admitted inability to state deep-drawing 
quality and without qualification. Reason for this 
is the many variables likely to be experienced in 
the use of the sheets by the customer, and in the 
individual steelmaker’s practices devised to produce 
steel to perform satisfactorily. 

Technology of sheet-steel testing and test-results 
evaluation has -not yet been developed to predict 
accurately the drawability of a lift of sheets. Thus 
the only safe means of defining quality seems to be 
in terms of expected performance of an identified 
item. Because so many variables enter into manu- 
facture and utilization of sheets in stampings of 
specific design, the obvious definition should be in 
terms of performance—not in specific processing 
for individual parts. 

Only 22% of the steel manufactured is ordered to 
chemistry, the third method, although there is 
probably more literature on this method than any 
other. 

Of course the old concept that all steels are the 
same, except for chemical constituents, is false and 
misleading. Fundamentally carbon steels may be 
produced within specified chemical limits of a given 
grade and still have widely dissimilar character- 
istics. 

In all phases of steel production various practices 


‘are used which determine type, characteristics, and 


quality of the finished material. Each variation 
has a proper and useful place, depending on the end 
products to be made and fabricating methods. Ob- 
viously it would be wasteful to make all steels of a 
special quality, regardless of end use; for many ap- 
plications nothing would be gained in the product's 


Continued on page 39 
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Specifications 


. . . . . as seen by Consumers 


TEEL consumers stand to gain from using both 
fewer steel grades and better ways of specifying 
steels—such as the H-band specifications. 

Many people believe there are still too many steels, 
despite the material reduction in the number of 
standard grades made by producers just before the 
war. Examination of either the SAE or AISI lists 
bears out their contention. 

This is shown by Table 1, which gives a portion of 
the carbon steel list, from SAE 1030 to SAE 1050, 
inclusive. To simplify the table, only carbon and 
manganese ranges are shown. 

First, note the very closely-spaced and widely- 
overlapping specifications, as illustrated by 1033 and 
1034. Second, in the case of 1034 and 1035, the speci- 
fication for carbon is the same; but the manganese 
range is shifted upward 10 points above that for 
1034. A similar shift in manganese range can be 
seen for 1039 and 1040, carbon being identical. 
Analogous situations occur in the case of 1042 and 
1043, and again in 1045 and 1046. Other examples 
are 1018 and 1019, 1021 and 1022, and 1054 and 1055. 

There are other examples; but these indicate we 
are still specifying more grades of steel than seem 
really necessary. An even more confusing situation 
exists in the resulfurized steels. Close spacing and 
overlapping of carbon content also can be found in 
the 5100 series of alloy steels. 

Granted that for purposes of precise processing 
control, or particular engineering requirements and 
large volume production, closely-controlled ma- 
terials are essential. But further thought indicates 
that if one of the pair of steels we have been con- 
sidering is satisfactory, the other one also should 
be—except in special cases. In many cases a minor 
change in processing, or perhaps a slight change in 
the thinking, would eliminate the need for these 
Closely spaced items. 

In the case of carbon steels, the additional factor 
of cost enters. It so happens that there is a break 
in the manganese extra at 0.90% manganese. 

Some processors feel they must have more manga- 
hese and are willing to pay for it. Others believe 
the need for additional manganese can be overcome 
either through a happy combination of the size and 
section and of processing equipment, or are willing 
to make the necessary changes to permit the lower 
Manganese range to perform satisfactorily. 





* Paper “The Consumer Looks at Steel Specifications,” was presented at 
st Annual Meeting, Detroit, Jan. 11, 1949. (This paper is available in 
Tull in multilithographed form from SAE Special Publications Department. 
Frice: 25¢ to members, 50¢ to nonmembers. ) 
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BASED ON PAPER* BY Muir L Frey 


Assistant to General Works Manager, 
Tractor Plants ALLIS-CHALMERS MFG. CO 


Consumers are almost entirely responsible for 
this condition and it is within their power to remedy 
it. This can be done by careful consideration of 
requirements and by a willingness to make the 
necessary changes—usually small—to permit the 
use of more common items. These grades usually 
can be identified by those numbers which end in 
“0” or “5” in the alloy steels. In the carbon steels, 
identification of the commonly-used grades is not 
SO easy. ’ 

Producers have little control over the matter; 
when faced with a demand for a nonlisted steel in 
sufficient tonnage, they will eventually acquiesce 
to the addition of another numbered steel to the 
list. 

Industrywide producer surveys of tonnage fur- 
nished in various grades have tried to combat this 
Situation. It is hoped these surveys show increasing 
use of certain grades, decreasing use of others so 
that those grades falling into disuse can be removed 
from the lists. Until this job is completed, each user 
can help the situation by policing his list of usage 
to eliminate those materials that are least used and 
special. 


Steel Ordering Methods 


In addition to determining exactly what steel to 
select, the consumer faces the problem of how to 
order it. 

SAE-AISI lists do no more than classify steel ac- 
cording to its chemical composition. They are not 
specifications in the sense that the classification 
number alone on the drawing describes completely 





Table 1—Overlapping and Close Spacing of Chemis- 
try in Standard Steels 


SAE Nominal Chemical Ranges 
Number Carbon Manganese 
1030 0.28-0.34 0.60-0.90 
1033 0.30-0.36 0.70-1.00 
1034 0.32-0.38 0.50-0.80 
1035 0.32-0.38 0.60-0.90 
1036 0.30-0.37 1.20-1.50 
1038 0.35-0.42 0.60-0.90 
1039 0.37-0.44 0.70-1.00 
1040 0.37-0.44 0.60-0.90 
1041 0.36-0.44 1.35-1.65 
1042 0.40-0.47 0.60-0.90 
1043 0.40-0.47 0.70-1.00 
1045 0.43-0.50 0.60-0.90 
1046 0.43-0.50 0.70-1.00 
1050 0.48-0.55 0.60-0.90 





| 








the steel required. This deficiency has been met in 
two ways. First, by use of SAE numbers on drawings 
together with additional notes necessary to describe 
completely the material for procurement. Second 
method is use of purchase specifications written by 
the consumer. Both have drawbacks. 

The first method clutters up drawings with notes, 
many of which are alike and all of which are similar. 
And as trade practices change, quality descriptions 
and terminology change. When an attempt is made 
to keep these notes up-to-date, the drafting room 
complains bitterly because of the large number of 
drawing changes required. 

The second method takes many forms, but all aim 
to set forth clearly the customer’s requirements in 
terms of current trade practice. Writing and keep- 
ing up-to-date such a system of specifications often 
isa sizable task. Large organizations are staffed 
for such work; but the smaller organization often is 
not. 

In the case of alloy steels, hardenability-bands 
represent an important advance toward more com- 
plete specifications. Here is why H-band specifica- 
tions work so well: 

If we are to heat-treat steels satisfactorily in mass 
production, we must have substantially uniform be- 
havior of all materials purchased to a particular 
specification. Usual method of providing this 
behavior is by control of chemical composition. 
Through the years the tendency has been to narrow 
composition limits in an effort to get even closer 
control of behavior. 

This procedure has reached the point of diminish- 
ing returns for two reasons. First, any further nar- 
rowing of the specification limits of regularly- 
determined elements imposes undue operating re- 
strictions on the mills. Second, the method itself is 
not and cannot be fully effective. Reason: for heat- 
treating purposes we need a measure which sums up 
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Table 2—How “H” Steels Permit Wider 
Chemistry Limits 


SAE 8640 SAE 8640-H 

Carbon 0.38-0.43 0.37-0.45 
Manganese 0.75-1.00 0.70-1.05 
Phosphorous 0.040 Max 0.040 Max. 

ulfur 0.040 Max. 0.040 Max 
Silicon 0.20-0.35 0.20-0.35 
Nickel 0.40-0.70 0.35-0.75 
Chromium 0.40-0.60 0.35-0.65 
Molybdenum 0.15-0.25 0.15-0.25 





all factors affecting steel’s behavior. If we hada 
complete chemical composition to guide us, com- 
position plus grain size could be used to determine 
behavior; but complete composition is difficult and 
costly to determine. 

Other schemes for controlling behavior have been 
used, but they do not give a full satisfactory solution. 

The end-quench hardenability test has proved to 
be a very effective means of measuring the harden- 
ability of alloy steels. It does exactly what is needed 
because it sums up the effects of all the elements or 
characteristics of steel which affect its hardena- 
bility. As we increase the number of alloying ele- 
ments in steel, the value of such a test increases. 

Hardenability limits, determined by these tests, 
gave birth to hardenability-band specifications 
showing minimum and maximum hardenability of 
each grade of steel. 

These specifications do two things: (1) for the 
user, they provide closer control of behavior than 
had been possible by chemistry alone; and (2) for 
the producer, it proves less troublesome to the mills. 

Fig. 1 shows what happened to control of behavior 
in the case of 3130 steel. By eliminating those heats 
with all hardening elements at the high or low side, 
extremes of the hardenability 
range have been reduced. But 
such cases are not as frequent 
as those in which one or two 
elements are out of specifica- 
tion. Such heats frequently 
are accepted on a chemical 
specification after a discussion 
between producer and con- 
sumer. It was found that, on 
a hardenability basis, these 
heats usually fell within pre- 
scribed limits. It developed 
that wider chemistry limits 
are permissible for H-steels. 


Fig. 1—This hardenability 
band for SAE 3130 H steel 
shows that the H-band 
specification gives closer 
control over behavior than 
does chemistry alone 
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Table 2 shows the normally close chemistry limits 
for SAE 8640 and the wider limits for 8640 H. 
Therefore, we have established better control for 
the user, fewer restrictions for the producer. 

It has not yet been possible to extend this system 
to the carbon steels. 


—— 





. as seen by Producers 


Continued from page 36 


performance. Yet there are many cases which do 
require higher standards of quality, and restrictions 
imposed may involve laborious and time-consuming 
operations. ° 

For many steel uses the only really significant 
properties are strength and ductility. For these the 
fourth method is used . . . specifications stipulat- 
ing values such as tensile strength, yield point, re- 
duction of area, elongation, bend tests, drift tests, 
and crushing tests. 

Such specifications generally give the steel pro- 
ducer appropriate leeway as to what he can furnish 
regarding chemical composition, while still meeting 
the customer’s requirements. 

In this country such steels are most commonly 
used in the as-rolled condition—without altering, 
by heat-treatment or cold work, the microstructure 
imparted by steel mill finishing processes. But even 
for these products, the customer must be careful to 
specify limits which can be met in the thickness of 
material desired. For example, if carbon steel 
plates are required in the as-rolled condition within 
a tensile strength range of 55,000 to 65,000 psi, the 
relationship between thickness and carbon content 
is approximately as shown in Table 1. (This is for 
a semi-killed steel with manganese in the range of 
0.40 to 0.60%.) 

Unavoidable presence of incidental alloying ele- 
ments can upset such relationships. Sensitivity of 
steel sheets rolled on a continuous mill to variations 
in carbon content, expressed as tensile strength, is 
illustrated in Table 2. Steel’s cooling rate is a func- 
tion of thickness and size. In this it is evident that 
some air-hardening has occurred, coupled with a 
lower-than-normal finishing temperature. In a 
case of this sort, presence of incidental alloying ele- 
ments can have’a more marked effect than in the 
case of thicker material. 

Specifying both chemical composition ranges and 
limits and mechanical properties is inadvisable for 
many reasons. Greatest difficulty in devising such 
a Specification lies in keeping provisions of the 
specification homogeneous for the product involved. 


All too often desired chemical composition is tech- 


nically incompatible with desired mechanical prop- 
erties. 


Chemical hardness specified is sometimes incon- 


sistent with mechanical ductility. And occasion- 
ally strength-yield point ratios specified are impos- 
sible to attain with specified chemistry, shape,. and 
section size. And even if both chemical and me- 
chanical provisions were met, the steel might not 
perform satisfactorily in fabrication. 

If only chemical limits and mechanical properties 
are specified, any inconsistencies usually are caught 
by the steelmaker before the order is placed for 
production. But there is a growing tendency for 
steel consumers to keep in the background a fabri- 
cating or end-use requirement. More often than 
not these requirements are far more important than 
chemical composition or mechanical composition. 

Ordinary chemical composition tells us little 
about steel because it does not tell us how the ele- 
ments are arranged structurally. Because steel’s 
microstructure and attendant hardness values cor- 
relate well, the standard end-quench test was de- 
veloped. It was used originally as a means of pre- 
‘dicting hardening properties. The test has resulted 
in establishment of the H-band specifications, the 
fifth way of ordering steel. 

Important as these specifications are in peace- 
time to alloy steel consumers, they will become 
doubly essential in case of war; they make possible 
intelligent and effective conservation of alloying 
elements, the bulk of which is secured from distant 
foreign sources. 

The formal specification, sixth way of ordering 
steel, is a widely-used and generally-accepted 
method for a large group of specific end uses. A 
formal specification resolves itself into a statement 
to the steelmaker from the consumer concerning 
his desires. Such a formal specification does not 
always represent the consumer’s actual needs; his 
needs may be more or less than set forth in the 
specification. 

The formal specification generally covers such 
details as method of manufacture, chemical com- 
position, mechanical property values, tolerances, 
and methods of testing. All provisions of the speci- 
fication are supposed to be consistent and ordering 
steel to meet a recognized specification would seem 
to ensure securing steel to do a given job. 

But that is true only if the scope clause of the 
specification adequately sets forth the proposed end 
use of the steel that the specification is supposed 
to cover. A strong scope clause can save an other- 
wise poor specification because it puts the responsi- 
bility for performance of the steel on the steel- 
maker, if he accepts the specification in its entirety. 





Table 1—Relationship Between Plate Thickness and 
Carbon Content for Same Tensile Strength* 


Plate Thickness Carbon Content of 
In Inches Finished Plate, % 

Yq 0.16 to 0.18 

1 0.22 to 0.25 

2 0.25 to 0.28 


* Tensile strength range—55,000 to 65,000 psi 


Table 2—How Tensile Strength of Steel Sheet 
Varies with Thickness and Carbon Content 


Thickness Carbon Content 

InInches = 9.10% 0.20% 0.30% 
0.100 53,000 psi 64,000 psi 80,000 psi 
0.250 48,000 psi 53,000 psi 62,000 psi 
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Fig. 1—Boeing Model 502 gas-turbine powerplant, shown from turbine 
end 


OEING Airplane Co. has developed a small gas- 
turbine powerplant that looks like a good bet for 
most transportation power requirements. 

This powerplant, the Model 502, can develop up to 
200 bhp. Besides being simple and light weight, its 
performance characteristics are good. 

The Model 502 consists of a single-stage centrifu- 
gal compressor with two outlets, two constant-pres- 
sure burners, a primary turbine which drives the 
compressor and accessories, a secondary power-out- 
put turbine, and reduction gearing. Fig. 1 shows the 
powerplant from the turbine end. Without acces- 
sories, it weighs 150 lb. 

Rated speed of the compressor and primary tur- 
bine is 36,000 rpm. The speed of this unit is gov- 
erned by a centrifugal governor which regulates fuel 
flow in accordance with a preset rpm. Adiabatic 


GAS TURBINE 





BOEING 
Small 


efficiency of the compressor at design speed is 76%, 
based on total pressure measurements. The im- 
peller is about 8.5 in. in diameter. 

Although the compressor and primary turbine 
are on the same shaft, the secondary turbine is not. 
The secondary turbine is rated at 24,000 rpm, and its 
speed is regulated independently by the load. A 
speed-limiting governor protects against overspeed- 
ing. 

Speed of the primary turbine is affected very little 
by changes in speed of the secondary turbine due to 
changes in loading. The change in rpm of the 
primary turbine is only about 2% of the change in 
rpm of the power turbine. 

Turbine blading was designed for free-vortex flow. 
It is impulse at the root and approximately 50% 
reaction at the tip. Adiabatic efficiency for both 
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Fig. 2—Performance char- 

acteristics of Model 502 and 

of typical otto~ and diesel- 
cycle engines 
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BASED ON Papert By 9. D. Hage 
Chief, Propulsion Development Unit 
BOEING AIRPLANE CO. 


and discussion which followed 


Gas-Turbine POWERPLANT 


‘ turbines is 80% at rated speed. The primary turbine 
is 8.0 in. in diameter and the secondary turbine, 
10.0 in. 

Gases enter the primary turbine at 1500 F and cool 
to 1000 or 1100 F by the time they leave the second- 
ary turbine. An alloy similar to vitallium is used 
for the turbine blading. It contains mostly cobalt, 
nickel, and tungsten, with very little iron. 

The primary stage can deliver 3 lb per sec at 1300- 
1350 F, at 7 psi gage. Kerosene, diesel fuel, and 
furnace oil have been used. 

The 9.6:1 reduction gear reduces from the second- 
ary turbine’s rated 24,000 rpm to 2500 rpm. 

Power will be rated at a value between 100 and 200 
bhp, depending on the endurance life expected. 
Rated specific fuel consumption will be between 1.5 
and 1.0 lb per bhp-hr, depending on power rating 
and degree of component refinement. 

The engine starts easily and consistently. With 
a144-hp d-c starter, the Model 502 develops rated 
power 15 sec after the start is initiated. It can ac- 
celerate rapidly, going from idle—which is about 
10,000 rpm—to full speed in 5 sec. 

Operation is practically vibrationless if rotating 
parts are accurately balanced—but destructively 
rough if they are not. 

Performance curves show why this free-power- 
turbine powerplant is so well suited to transporta- 
tion power requirements. Fig. 2 shows per cent 
rated brake horsepower, per cent rated torque, and 
per cent rated specific fuel consumption as functions 
of per cent rated secondary turbine speed for the 
Model 502, and typical otto- or diesel-cycle engine 
values. Also plotted are the two extreme load types: 
a grade load, and an air-friction or cubic load, which 
is characteristic of power requirements of land, 
water, and air transportation. 

The gas turbine powerplant offers more margin 
of power for acceleration at all speeds. What’s 
more, this gas turbine cannot be stalled. At zero 
Speed, the Model 502’s stalled torque is twice the 
torque at rated speed, but the ne engine’s 
torque is zero at zero speed. 


* Dp, 


‘The Boeing 200-Hp Gas Turbine” was presented at SAE Annual 

g Pan, Jan. 12, 1949. (This paper is available in full in multi- 

‘nographed form from SAE Special Publications Department. Price: 
©€ to members, 50¢ to nonmembers.) 
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Back in 1943 when the Army Air Forces 
requested proposals for a high-speed 
medium bomber powered by a turbojet, 
Boeing set out to acquire some first-hand 
knowledge of gas turbine powerplants. 
Economy dictated small scale. 


The medium bomber becamie the B-47, 
and the turbine powerplant analysis and 
development it initiated lead to the 
Model 502, which is now running on 
dynamometers in Boeing’s Seattle pro- 
pulsion-development laboratory. 











It is the fact that the power-output turbine is not 
connected to the primary turbine and compressor 
that accounts for these desirable power character- 
istics. A direct-connected machine has maximum- 
power versus speed characteristics similar to the air- 
friction-load curve, and it will stall if loaded below 
about 40% of rated speed. 

The fuel consumption curves for the Model 502 
show that the best economy point for any power lies 
on the air~-friction-load curve, the curve correspond- 
ing to typical transportation loading. 

Against these advantages must be weighed some 
disadvantages. 

The 17 impeller blades passing 8 diffuser blades at 
36,000 rpm produce a high-pitched siren-like noise 
—a problem difficult to solve satisfactorily because 
of the large flow and the necessity for very low pres- 
sure drop. 

Fuel consumption at idle is high, roughly one- 
fifth of full-power consumption. 

Because there are so many new problems peculiar 
to gas-turbine powerplants, development cost of the 
Model 502 is high. 

But these problems will be solved and component 
refinement will pay off in better fuel economy and 
power-weight ratio, making the small gas-turbine 
powerplant a better solution to many power applica- 
tions than any we have now. 





TWO-SPEED AXLE OR 


EXCERPTS FROM PAPER* BY 


Austin M. Wolf 


CONSULTING ENGINEER 


(This paper will be printed in full in SAE Quarterly 
Transactions.) 

HE two-speed axle and the auxiliary transmission 

are not in direct compétition. Neither can fill 
the field of the other. Where their reduction ratios 
overlap, the two-speed axle is more economical in 
first cost and can give speedier performance and 
lower operating cost. Where larger reductions are 
required than what the two-speed axle can provide 
or where three ratios are needed, the auxiliary is 
without peer. 

What type of multiratio gearing should be used 
and in what combination should depend upon the 
type of trunk operation and the degree of economy 
the operator will obtain from the additional invest- 
ments. Obviously the truck which is always fully 
loaded and traveling over level roads will not benefit 
from increasing the number of gear ratios (provided 
the transmission and rear axle ratios are properly 
selected) as much as the truck with diminishing or 
one way loads traveling over level roads and long 
grades of varying percentages. A five-speed trans- 
mission may be an economical means of providing 
two-speed axle type of operation relative to full load 
and no load under favorable conditions. 


Available Ratios 


Were we to consider the fastest ratio of a two- 
speed axle as unity, the reduction obtained by the 
low ratio would vary between 1.20 and 1.39. In 
the evolution of the two-speed axle to date, the re- 
quirements of ground clearance and/or weight pre- 
clude attempting any lower reduction ratios. Use of 
light alloy housings and gear design variations may 
change the picture in the future where higher cost 
might be permissible for certain severe operations. 
This could hold true for a three-speed axle. 

An auxiliary or “duplex” transmission can be de- 
signed and built to give lower ratios than those for 
two-speed axles since there are practically no de- 
sign restrictions involved; and weight, from the 


* Paper “Means and Objectives in Multiratio Gearing,” was presented at 
SAE Annual Meeting, Detroit, Jan. 10, 1949. (This paper is available in 
full in multilithographed form from SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to nonmembers.) 
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impact point of view, does not become a possible (or 
shall we say theoretical) penalty as in the case of 
the two-speed axle. 

The auxiliary transmission proponent prides him- 
self in that all the added weight is unsprung. How- 
ever, it might be well to point out that on installa- 
tions where definite attempts are made to reduce 
weights for economical transportation reasons, the 
operators are not concerned as to whether this 
weight saving be in the form of sprung or unsprung 
weight, so long as operating and maintenance costs 
are not affected. What they are vitally interested in 
is being able to carry more loads and to stay within 
the state laws regarding permissible load-carrying 
requirements on the tires. 

Examining the ratios available from two com- 
mercial supply sources, we find 2.36 to 1 in the 
Spicer group and 2.298 to 1 in the Fuller as the 
largest available reductions. This must reflect the 
greatest average demand to date that can be manu- 
factured in economical production. Lowest available 
ratio in the Watson series is 2.62 to 1. Selection of 
the low ratio would be determined by the type of 
operation to be encountered, such as level terrain, 
mountainous highways, and dump work. From 
present-day available two-speed axles and auxiliary 
transmissions, it will be seen the former can in no 
way duplicate the latter’s largest reduction ratios, 
though we find an overlapping of the latter’s fast 
ratios. 


Weight Compared 


A two-speed axle design is naturally heavier than 
a Single speed of the same load capacity. This added 
weight is of course unsprung. Yet the percentage 
increase is small as compare¢ to the total unsprung 
weight—ranging from 5.4% to 9.5%. This is based 
on a study of the added carrier and shift control 
weights of the Timken and Haton series of axles, 
in which the carrier assembly of the former manu- 
facturer is the only basic variable in their inter- 
changeable line of hypoid, double-reduction, and 
two-speed axles. 

The carrier assembly of the Eaton two-speed axle 
is heavier due to the planetary reduction, its mount- 
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ing and shifting control. The unsprung weight 
used in the computations was the total axle weight 
with brakes (hydraulic on the light series and air on 
the heavy), hubs, Budd dual wheels, tires, tubes and 
flaps. The weight of the rear universal joint and 
half of the propeller shaft was not included. How- 
ever the percentage increase of the two-speed axle 
over the double reduction is only 2.1% to 3.5% 
on all but the heaviest units, where it runs 5%. The 
double reduction axle is accepted by the industry 
without any reservations as to unsprung weight. 

Timken’s interchangeable carrier for both the 
double reduction and two-speed axle results in a 
slightly heavier common casting, which might be 
lightened slightly were the double reduction design 
only envisaged. The difference, however, would be 
very small. 

An auxiliary, its supporting brackets, frame cross 
members or members, and so on, are all sprung 
weight. The ratio of unsprung to sprung weight has 
been commented upon since the early days of the 
industry when the back end of a steam powerplant 
would be incorporated with the axle and on through 
the axle-transmission mountings of the Covert, 
a Studebaker, Packard, American Amplex, and 

tutz. 

It is evident that it is easier to insert an added fast 
ratio in the power transmission line with less weight 
(apart from the sprung or unsprung aspect) in the 
case of the two-speed axle than with an auxiliary 
transmission. This is realized from the design point 
of view since the carrier casting needs to be ex- 
banded but slightly to take care of an added speed, 
be ita set of gears as in the Timken design or add- 
ing a planetary unit in the Eaton construction. 

The auxiliary calls for an entirely new and separ- 
ate housing which adds considerably more to the 
overall weight. Gear centers and mountings are 
already established in the Timken double reduction 
virtues of a planetary system (which system should 
find a future in heavy-duty work). 

Although its rejuvenation is not advocated, an 
example of cutting down weight, which you may 
recall, is the Cameron passenger car rear axle trans- 
mission. Here the differential housing carried three 
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different sized spur gears, each of which was driven 
in sequence or selectively by a single spur pinion 
which was slid transversely on a shaft parallel to 
the transverse axle center, the shaft mounting a 
bevel gear meshing with the axle pinion. The bevel 
gears, transverse shaft, and pinion formed a unit 
which could be slid fore and aft for meshing and to 
obtain the proper center distances between the 
pinion and each of the differential case spur gears. 

For high reductions—in the order of 2 to 1 and 
over—the auxiliary offers what cannot be foundina 
current two-speed axle. Where high overall ratios 
are mandatory, such as in mountainous territory, 
the two-speed axle cannot of itself cope with such 
a situation. (This is not to be confused with a high 
reduction ratio in the axle itself such as can be ex- 
tended by planetary reductions in the wheel hubs, 
a practice long used by the British.) 


Comparative Merits 


For normal over-road service, where long or exces- 
sive grades are not encountered and therefore only 
a small ratio increase is required, the two-speed 
axle holds undisputed sway. In such service the in- 
creased unsprung weight is of little moment. This 
would not be the case with the same vehicle travers- 
ing poor terrain or in off-the-road service where the 
unsprung weight would assume greater importance. 
There can be no question about there being an opti- 
mum unsprung weight for each individual vehicle 
and the type of operation (road roughness and 
speed). 

In mountainous territory the limitation in per- 
cent reduction would not be sufficient in a two-speed 
axle and in such instances the auxiliary transmis- 
sion has the field to itself. I do not feel that the two 
mechanisms are at all in competition with each 
other. Where the fast reduction ratios are approxi- 
mately equal, the two-speed axle is to be preferred 
from the initial cost point of view, besides its 
adaptability to more rapid speed changes. 

The first auxiliaries were of the two-speed, spur 
gear type (direct and reduction). With very little 
more material, a third ratio could be incorporated 
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Fig. 1—Study of velocities of component parts. Upper diagram repre- 
sents two-speed axle; lower one, an auxiliary transmission 





and today most of them have an overdrive, con- 
stant-mesh helical gears being used throughout 
with a sliding clutch member for pick-up. In an 
operation where two added ratios are utilizable as 
against only one extra in the two-speed axle, there 
can be no question about a choice between the two 
systems. There are operations in which there are 
an insufficient number of utilizable ratios available 
and only the surface has been scratched in that field. 

Power take-off openings are provided in many of 
the auxiliary transmissions, making it possible to 
take advantage of the various ratios in the main 
transmission as well as having a more rearwardly 
disposed aperture to drive auxiliary equipment. 
This is an advantage which the two-speed axle can- 
not offer. 

With an auxiliary or “duplex” transmission, addi- 
tional stresses are imposed in the lower transmission 
line back of it when in an underdrive ratio; with 
the two-speed axle, additional stresses occur back 
of the countershaft in the Timken design and back 
of the planetary gearing in the Eaton. The uni- 
versal joints, the propeller shaft, and the axle gear- 
ing must be capable of transmitting the increased 
torque. This is important when considerable aux- 
iliary underdriving is done, particularly with a large 
reduction ratio. 

Consideration also must be given to the handling 
of the main transmission as affecting the rating of 
the auxiliary. To determine the largest size engines 
which can be used with auxiliary transmissions, the 
usual method is to divide the auxiliary torque rating 
by the second speed ratio of the main transmission. 
However, if a large percentage of operation is in low 
gear of the main transmission, the auxiliary torque 
rating should be divided by this ratio. 

Installation of an auxiliary is more expensive than 
a two-speed axle as original equipment and it be- 


comes an additional unit to service and maintaip, 
An extra propeller shaft and two universal joints 
are required (or one joint if compared with a three. 
joint propeller shaft installation). The unit must 
be installed with correct joint angles so that vibra- 
tion will not be introduced into the drive line 
Efficiency through the gears is probably less than in 
a two-speed axle, although I would like to see com- 
parative tests run to establish this fact as wel 
as greater oil churning friction loss for the auxiliary, 

The temperatures of auxiliary transmissions are in 
almost all instances higher than those in the axle for 
comparable work, so that the active life of the lubri- 
cant in the axle is greater: so says the axle manu- 
facturer. The auxiliary manufacturer claims that 
heat is reduced in the rear axle by radiating it out 
of the auxiliary. Noise generated in an auxiliary 
transmission may be more apparent than that ema- 
nating from a two-speed axle. 


Time Interval for Shift 


Any shifting control mechanism that depends on 
clutch release, let alone double clutching—whether 
for the auxiliary, compound duplex, or two-speed 
axles—is naturally slow in action compared to those 
two-speed axle control systems which avoid releas- 
ing the clutch. They only require release of the 
accelerator pedal, pausing a very short interval and 
pressing down on the accelerator for the up- or 
down-shift, raising and immediately depressing the 
accelerator. 

Speed synchronization of the engaging members 
is an important factor. 

Auxiliary transmission manufacturers suggest 
double clutching. If the ratio is very close, it is 
sometimes possible to avoid it; but even in such in- 
stances the operators normally find it necessary to 
double clutch to insure good shift. 

Time required to complete a shift varies with the 
ratio involved. It also depends upon whether the 
shift is up or down, and in the case of a down-shift, 
the engine is also a factor in its speed-up. 

Fuller recently ran some tests on its 5-A-43 trans- 
mission which are interesting, even though not re- 
lated to an auxiliary. It was found that silent shifts 
could be made from second to third or from third to 
direct in 1.5 sec—with or without double clutching. 
Raking occurred if the shift period was 1.8 sec. The 
shift from direct to third or third to second could be 
made in 1.2 sec, from direct to overdrive or vice 
versa required 0.9 sec. Fuller advises double clutch- 
ing on a down shift in an auxiliary if the step is 
much in excess of 30%; it is not necessary to double 
clutch on an up-shift. 

Fast shifting time of a two-speed axle by avoiding 
declutching and reserving this operation for only 
the main transmission shifts is not cited as a broad 
argument in its favor over an auxiliary. As previ- 
ously mentioned, only for over-the-road service with 
light grades, where reduction ratios would be quite 
close, does the two-speed axle have the field to it- 
self. It could compete against a slightly greater 
auxiliary reduction if its shift timing is fast so as not 
to lose momentum on light grades, as would be the 
case with the auxiliary and its shifting dwell. 

It is evident that fast shifting means must be 
worked out for auxiliaries and even main trans- 
missions to better their performance with unskilled 


44 SAE JOURNAL 











ome DM SS OS SS CO 


nt =i: hitomi, -~ >, - ep 





el] 


in 
or 
ri- 


at 
ut 
ry 
a- 


on 
ler 
ed 
ose 
as- 
the 
nd 


the 
ers 


‘est 
» Is 
in- 
' to 


the 
the 
ift, 


ns- 
re- 
ifts 
1 to 
ing. 
rhe 
1 be 
vice 
ch- 
p is 
ible 


ling 
ynly 
‘oad 
evi- 
vith 
uite 
» it- 
ater 
not 
the 


> be 
wns- 
illed 





operators. Synchronizers in auxiliaries have no 
place since they slow up operations. All shifting 
masses must be as light as possible. Transmissions 
requiring @ dwell during the shifting interval, as 
found in some passenger cars, could not be tolerated. 
While the torque converter is attractive in provid- 
ing infinite ratios between certain limits and has 
constant torque characteristics, it holds no solution 
in itself; its inefficiency precludes it from the operat- 
ing cost point of view, since its success as an ac- 
celerating mechanism would be of no help on long 
sustained Western mountain grades. Geared steps 
of almost the same number now required would 
have to be added, plus the positive direct-drive and 
heat-dissipating device for cooling the oil which 
have been inherently associated with it; the final 
result would be a complicated duplication of trans- 
mission mechanisms with added means for mutual 
supplementation. The cost, weight, and low ef- 
ficiency of any form of electric drive bars considera- 
tion of such a system. 

I believe it propitious for the industry to reckon 
seriously with the inability of the ordinary driver 
who, especially in severe terrain, can spell failure 
or success of an operation. Skilled drivers are be- 
coming scarcer, operating costs mount due to im- 
proper engine loading which manifests itself 
throughout the chassis as well as in slower running 
time and fuel waste. Mechanical or electrical brains 
must be built into the machine, as in other arts, so 
that the ability of the driver must not be depended 
upon as is the case today. 


Velocities of Component Parts 


Auxiliary, compound and “duplex” transmission 
parts are rotating at higher rpm’s than in the case 
of two-speed axle parts back of the initial reduction 
(hypoid gear reduction in the Timken series or 
spiral bevel in Eaton). In the former, the speed 
factor is reduced further since the shifting is only 
over the differential in speed between the high and 
the low range, a span of 32% in the Model “E” for 
instance. In an auxiliary this can go as high as 2 to 
lor more. The Eaton spiral bevel gears give the 
fast ratio reduction (4.5 to 1 on through 6.33 to 1 
in the 1350 series, with a 1.39 to 1 reduction there- 
after for the slow). ™ 

Let us take a hypothetical case with a light truck, 
based on the Eaton Model 1350 axle (5.83 and 8.11 
ratios) , with 7.50-20 tires, traveling at 40 mph at the 
time of shift which we will assume is instantaneous. 
Fig. 1 indicates diagrammatically the two-speed 
axle at the top and a single-speed axle with an aux- 
iliary transmission below. The same fast ratio of 
the two-speed axle is used in the Single reduction 
and the same 39% drop between the two-speed axle 
ratios is incorporated in the auxiliary. The unen- 
Closed figures give the rpm’s of the various parts in 
the fast ratio, the boxed-in figures give the rpm’s 
in the slow. The differences also are shown. 

The Eaton ring gear, assuming that 40 mph is 
maintained through the shift, would rotate through 
4 variation of 149 rpm. The clutch member in the 
auxiliary would jump from 2215 rpm to 3082, a 
variation of 867. The auxiliary counter-shaft jumps 
from 1973 to 2749 rpm, assuming the constant mesh 
s€ars to have 33 and 37 teeth, a plausible ratio. A 
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dwell in shifting will prevent the theoretical step- 
up of engine rpm from 2215 to 3082 and resumption 
of drive in direct low would be at a lower speed, 
depending also on the grade. Were we to assume a 
loss of 24 mph during the shift interval, the ring- 
gear speed variation would be 115 rpm, while the 
auxiliary clutch member would go through a jump 
cf 674, based on the rpm’s given in the circles in 
Fig. 1. 

While the acceleration of various parts and the 
impact of clutching members are thereby less, the 
loss of vehicle momentum slows down the entire 
operation. The shift interval could never be brought 
to zero since it takes time to accelerate the engine, 
which period must be properly integrated into any 
automatic shifting device. 

The problem of bearings should, under extreme 
conditions, find easier solution in an auxiliary since 
the design is not limited in available space, as may 
be the case with the two-speed axle. In the latter, 
very efficient lubrication is always provided for and 
bearing trouble is not found with good maintenance 
and proper loading. On the subject of auxiliaries, 
there might be some advantage in using underdrive 
third, as an example, rather than overdrive second 
to minimize bearing loads; but a proper design 
would provide bearings of sufficient capacity to 
operate under either condition. 


Engine Characteristics 


The engine assumes an important part in the whole 
picture. Multiratio gearing works best, of course, 
when the powerplant in front of it gives a reasonably 
high power ratio. The transmission system is not 
intended in any event to cover any shortcomings of 
the powerplant. 

In the case of the two-speed axle where a rapid 
shift is desired, the accelerating characteristics of 
the engine must be good or the dwell will be pro- 
longed if the synchronizing speed required for the 
new shift is delayed. This we have found is quite 
an evil. It rules out any engine lacking flexibility 
and quick pick-up to get best possible results. Thusa 
diesel and two-speed axle combination would be 
under some handicap, at least until such time as 
diesel performance more nearly duplicates the 
gasoline engine’s characteristics. It does not rule 
out the combinations. The same holds true for a 
slow-speed, in flexible gasoline engine. 

A fast axle ratio with the two-speed axle has 
worked out well where the engine is turning over 
around 2000 rpm at cruising speed on the level 
followed by a quick shift and the engine rapidly 
accelerating to 2700 to 2800 rpm. Taking 10.00-20 
tires and axle ratios of 5.43 and 7.39 to 1, a truck 
doing 45 mph and dropping to the slow ratio would 
require an engine acceleration of from 2085 to 2830, 
assuming no loss of road speed. This is feasible in 
modern vehicles and they have proven themselves 
over the road. . 

The governor must not handicap the engine at 
any time in the above requirement. The combina- 
tion of governor, engine, and gear ratios also must 
be worked out so that the engine is always properly 
loaded and not running against the governor, in so 
far as is possible, which is wasteful of power and 
fuel due to the throttling result. 
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(This paper will be printed in full in SAE Quar- 
terly transactions.) 


ONDED resistance strain gages applied to rotating 

parts make dramatic contributions to diagnosis 

of aircraft engine service failures and solution of 
design problems at Pratt & Whitney Aircraft. 

These gages—plus proper leads and slip-ring as- 
semblies—make it possible to obtain strain data on 
rotating parts under actual operating conditions. 
They have been used to measure the vibratory com- 
ponent of strain in crankshafts, supercharger im- 
pellers, and cooling-fan blades. They have been 
used also to measure centrifugal stress in turbine- 
engine rotors and to survey vibrations in axial-flow 
blading. 

Although odd part shapes, space limitations, or 
time limitations often permit only qualitative strain 
measurements rather than determination of true 
stress, strain gages give valuable information con- 
cerning mode of vibration, sources of excitation, 
relative merits of various design changes, or specific 
conditions at which to run endurance tests. 

Pratt & Whitney Aircraft first applied bonded 
resistance strain gages to rotating parts back in 1937 
when master-rod bearings were giving trouble. It 
was suspected that vibratory bending deflection of 
the crankshaft was aggravating the trouble by caus- 
ing uneven bearing loading. 

Steady-state bending could be calculated from 
average gas and inertia loads. But vibratory bend- 
ing could be found only from strain-gage measure- 
ments. 

Strain gages and wires were attached to crank 
cheeks of R-1340 Wasp, R-1830 Twin Wasp, and Twin 
Hornet crankshafts with black baking enamel. The 
wires led to the slip-rings of a Sperry-M.I.T. torsio- 
graph unit, which was used as the connection be- 
tween the rotating members and a Sperry-M.1.T. 
oscillograph. 

Although the instrumentation was not reliable, it 
did suffice to obtain data showing no large bending 
motions harmful to bearings. 

When a decision on number and tuning of dy- 
namic dampers for the R-1340-H1l Wasp had to be 
made, strain gages served again. This was in 1940 


*Paper “Strain Measurements on Rotating Parts’ was presented at 
SAE Annual Meeting, Detroit, Jan. 12, 1949. (This paper is available 
in full in multilithographed form from SAE Special Publications Depart- 
ment. Price 25¢ to members, 50¢ to nonmembers.) 


and 1941 when power and speed ratings of this 
single-row, 9-cyl engine were being increased. 

The crankshaft originally had two dynamic damp- 
ers tuned to 4% times engine speed in the rear 
counterweight for suppression of torsional vibration 
excited by cylinder firing impulses. With increased 
engine ratings, a propeller blade stress survey by 
Hamilton Standard Propeller Division showed exces- 
sive blade stresses at 9 times engine speed. These 
were attributed to torsional excitation of the crank- 
shaft at the first harmonic of firing frequency. 
Crankshaft failures of a torsional nature were ex- 
perienced in service also. 

Measurements of torsional vibration at the rear of 
the crankshaft showed that the two 414-times damp- 
ers had reduced the 414 order torsional amplitude to 
a low value and that 9th-order amplitude was neg- 
ligible. 

Several possible damper arrangements were tried 
to find one that would keep both crankshaft tor- 
sional vibration and propeller stresses reasonably 
low. Changing to one 444-times and one 9-times 
damper in the rear counter weight reduced propeller 
stresses but increased torsional amplitude at the 
rear of the crankshaft. Then provision was made 
for locating two additional dampers in the front 
crankshaft counterweight, making four in all, and 
propeller stress and torsional vibration were meas- 
ured at the rear of the crankshaft with various com- 
binations of 442-times and 9-times dampers. 

But the measurements of propeller stress and tor- 
sional vibration at the rear of the crankshaft did not 
give decisive information. The only alternative to 
lengthy endurance testing was measurement of vib- 
ratory strain in the crankshaft as near as possible to 
the starting point of past service failures. 

Strain gages were applied, using better cement 
and slip-rings than had been available for the 
earlier work. Strain measurements showed that the 
loads applied by two 414-times dampers on one 
counterweight were more serious in causing stress 
in the crank cheek than was the increased torsional 
vibration resulting from elimination of one damper. 
This directly obtained information was an impor- 
tant factor in the decision to use one 414-times and 
one 9-times damper in the rear counterweight, a de- 
cision supported later by an excellent service record 
on this engine. 

Later in 1941, strain gages were used to track 
down the cause of an impeller blade fatigue failure 
in a Double Wasp R-2800 engine. 
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The strain gage makes use of the property 
possessed by some electrical conductors of 
changing their electrical resistance when 
strained. The sensitive element of the gage is 
a fine wire, which is cemented to the specimen 
so that strain at the surface of the specimen is 
transferred unchanged to the wire. For use on 
rotating parts, leads carry the electrical signal 
from the gage to a slip-ring assembly, which 


makes the electrical connection between the ro- 
tating members and the wires extending to the 
measuring or recording apparatus. 


The applications described here required ex- 
tensive refinements of strain-gage apparatus 
and techniques. The refinements, as well as 
the applications, are discussed in detail in the 
complete paper. 





Another technique which had been used to inves- 
tigate a few isolated cases of impeller fatigue failure 
in various engines was used first: Since the failures 
had indicated that resonant vibrations might be to 
blame for the failures, impellers were bench tested 
to determine their natural frequencies. Bench-test- 
ing of the R-2800 impeller was very successful—too 
successful. Innumerable frequencies could be found 
on any one impeller. Any blade vibrating more or 
less independently had several modes, while the 
whole impeller had disc-like vibrations with various 
numbers of diametral nodes, as well as more com- 
plex vibrations involving both disc and blades. 

Fig. 1 shows how the technique failed. When ob- 
served natural frequencies were correlated with ex- 
pected excitation frequencies due to diffuser vanes, 
entrance vanes, and driving gear teeth, there were 
humerous points of coincidence. (Although it was 
known that natural frequencies would increase with 
impeller speed due to the action of centrifugal force, 
the amount of increase was not known, and the fre- 
quencies were plotted as constants.) There was not 
enough information available to predict whether or 
hot dangerous stresses would be excited at those 
speeds where excitation frequencies and natural fre- 
quencies coincided. 

So strain-gage techniques were extended to super- 
charger impellers. “Beginners’ luck” was evident on 
the first runs. A curve of gage-output amplitude 
and frequency versus impeller speed was obtained 
which conclusively showed the source of excitation 
to be the first harmonic of the aerodynamic disturb- 
ances caused by nine stationary diffuser vanes at the 
impeller exit. This excitation, with 18 cycles per im- 
peller revolution, was resonant at 21,500 rpm with 
a 6450-cps natural frequency. 

An immediate conclusion was that increase of 
Clearance between impeller and diffuser would re- 
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duce the magnitude of the acceleration. 

Strain gage results, plotted in Fig. 2, bore out the 
conclusion. Although only one quick reading of 
peak amplitude had been obtained with the small 
clearance, more complete data were taken with the 
increased clearance. Strain, as measured by gage 
output, was very much lower with the increased 
clearance. 

Attempts to measure how much strain was low- 
ered by increasing the clearance were blocked at 
first by difficulties with the instrumentation. It took 
six months of development work on apparatus and 
techniques before strain-gage installations gave suf- 
ficiently reproducible data. When useful data were 
obtained, they showed that the increased diffuser 
clearance resulted in a 60% reduction in vibration 
amplitude. Subsequent endurance running proved 
that the 60% reduction had lowered the stress below 
the endurance limit. 

The technique of measuring impeller vibration 
which was developed as a result of this R-2800 im- 
peller failure has since been applied to all impellers 
being developed for Pratt & Whitney engines. Of the 
31 impeller designs tested, 8 have been rejected as 
unsatisfactory because of high stresses; 14 have been 
subjected to endurance testing at resonant vibration 
conditions, yielding 12 satisfactory designs and 2 un- 
satisfactory ones; and 6 designs have been accepted 
as satisfactory without endurance testing. The re- 
maining 3 designs had questionably high vibration 
amplitudes but were abandoned for other reasons 
without endurance testing. 


Gages Aid in Fan Blade Design 


When several failures occurred in a cooling fan 
being developed for the R-2800 Double Wasp engine, 
strain gages diagnosed the sources of the fatigue 
and lead to a better design. 
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Fig. 1—Resonance diagram for 
e supercharger _ impeller. Broken 


lines indicate excitation frequen- 

a et cies. Solid lines indicate various 

Sr \ natural frequencies of impeller. 
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Actually natural frequencies are 





not constant but increase with ro- 
tational speed due to centrifugal 
force, but bench tests oh station- 
ary impellers could not disclose 





amount of increase. Any of the 
intersections of excited and natural 
frequencies could have been caus- 
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SPEED - 1000 R.PM. 


ees Impeller natural frequencies, determined 


experimentally on non-rotating specimen. 


—-— °*Excitation frequencies at integral multi- 


ples of nine stationary diffuser vanes. 


ale Excitation frequency due to impulses of 
20 tooth impeller drive gear, 


O 


Regions of possible resonant vibration. 


oo Only point of actually serious resonance, 
as determined with strain gages under 


operating conditions. 


First, the natural frequencies of the blades were 
determined. These did not coincide with any known 
frequency of excitation. 

Then strain-gage measurements were taken under 
operating conditions. They confirmed that the ex- 
citation was not engine produced, but aerodynamic. 
The vibration was practically independent of fan 
speed, indicating a self-excited flutter. Only a 
change in blade design could correct this condition. 

A new, more tapered blade design showed less 
than half the vibratory stress of the original blade 
in strain-gage tests. And the blade proved satisfac- 
tory in operation. 


Rotor Stresses Measured 


Development of gas turbine powerplants brought 
new problems which were solved through new 
strain-gage techniques and improved apparatus. 

Measurements of centrifugal stress on high-speed 


rotors were needed. They were obtained by install- 
ing strain gages for which temperature corrections 
could be made. The gages determined bore stress in 
disc-like rotors and stresses in a rotor whose dis¢ 
was a Shallow cone instead of a plane. 

There was plenty of room to locate gages in the 
directions of the principal axes, and combined strain 
measurements yielded a value of stress. Such cen- 
trifugal stress measurements serve as a check 0! 
theoretical analysis. 

In the case of the conical rotor, the stress meas- 
urements, verified by measurement of the speed at 
which the rotor burst, disagreed seriously with exist- 
ing theory. 

At the transition from conical disc to hub section, 
high radial stresses due to bending were expected, 
as a result of the tendency of the cone to flatten 
under centrifugal load. Fortunately, gage locations 
had not been based on expected stress patterns. In- 
stead, rotors were coated with brittle lacquer and 
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Fig. 2 (right) — Measured 
vibration characteristics of 
operating impeller 
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Fig. 3 (below)—Rotor with gage 
installation for centrifugal strain 
measurement 


A—tangential strain gage 
B—radial strain gage 
C—thermistor (for temperature- 
correction data) 


GAGE OUTPUT - 





spun to speeds high enough to crack the lacquer. 
The cracks revealed that tangential stresses pre- 
dominated, not radial stresses as expected. 

Gages were located as shown in Fig. 3, on the evi- 
dence of the brittle-lacquer investigation. When 
Strain was translated into stress, and stress was ex- 
trapolated to speed of failure, results agreed well 
with the ultimate strength of the rotor material. 

Besides measuring centrifugal stresses in discs, 
Strain gages have contributed to gas turbine power- 
plant development through surveys of vibratory 
Strains in blading. 
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Legend: —@—@ Data obtained when running with increased 


diffuser clearance, 


O Point obtained with small diffuser clearance. 
Note change of scale. 


Techniques and apparatus developed for vibratory 
strain measurements in supercharger impellers have 
been applied to compressor blades to detect bending 
and torsional vibrations. Data on blades susceptible 
to flutter have shown what range of flow and pres- 
sure rise can be considered safe for operation. 

In another application, carried.out to study the 
increase of blade bending frequencies with centrif- 
ugal force, some of the rings of the slip-ring assem- 
bly were used for strain-gage circuits and some for 
carrying power to an electromagnet on the rotor. 
The electromagnet excited bending vibrations in one 
blade of a completely bladed compressor rotor. The 
rotor was spun in an evacuated whirl pit, and strain 
gages on the blade being excited by the magnet in- 
dicated frequency and amplitude of the blade vibra- 
tion. At various rotor speeds, frequency of the elec- 
trical power fed to the exciting magnet was varied 
until resonance of the blade was obtained. This 
technique produced data on first-mode bending 
frequency versus speed. Techniques for exciting 
higher modes have not yet been developed. 

Magnetic excitation was used to study variation of 
blade root damping with centrifugal force also. The 
blade was excited to resonant vibration. An oscillo- 
graph recorded output of the strain gages. Sudden 
cessation of the exciting force was obtained by stop- 
ping the electrical input to the magnet. The result- 
ing decay in amplitude of the vibration gave damp- 
ing factors at the various rotor speeds investigated. 

Development of high-temperature gages will fa- 
cilitate application of the same techniques to tur- 
bine blading, which operates at very much higher 
temperatures. 
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G. A. Delaney 


Responsible for planning 
and operating the meet- 


ing were: National 
Meetings Committee 
Chairman G. A. Delaney; 
General Chairman (for 
this meeting) E. N. Cole; 
and Production Clinic 
Chairman Joseph Gesche- 
lin 





Joseph Geschelin 


NGINEERS made clear at an SAE meeting last 

month why popular magazine writers usually go 
wrong when they get to predicting the car of the 
future. Reason: Engineers are still arguing warmly 
about the merits and demerits of different construc- 
tions for almost every major unit in the automobile 
and about the best ways to manufacture them. The 
facts aren’t all in yet, not by a long ways... . and, 
until they are, guessing too far ahead is necessarily 
a perilous—and relatively unprofitable—business. 

Occasion of these clarifying debates was the 1949 
SAE Passenger Car, Body and Production Meeting 
at the Book-Cadillac Hotel, Detroit, March 8-10. 


There the age-old case for the aircooled motor 
vehicle engine, for instance, was debated all over 
again—with new data and new proponents to give 
it fresh validity and attention value. The argu- 
ments about frameless versus frame cars were re- 
newed with vigor. ... as were others about the best 
way to design and build car seats, the relative ef- 
fectiveness of various tests to predetermine car per- 
formance—and, of course, how far and how fast is 
the trend to high compression engines going. 

On all these points, facts flew back and forth for 
three days. 

Filtering through the contentious sessions came 
genuine agreement on some phases of design and 
production techniques—as well as up-to-date infor- 
mation covering widespread areas. The Production 
Clinic panels, for example, which dominated the 
second day of the meeting with eight sensationally 
successful panel sessions, brought many areas of 
agreement. The Clinic developed a wealth of practi- 
cal data which were taken away by more than 700 
attending production men for immediate applica- 
tion to specific operations. 

And dinner speaker Earl L. Shaner, president, 
Penton Publishing Co., brought good news from the 
steel industry when he said that “steel production 
is rapidly catching up with demands and before long 
the steel industry will return to its historical posi- 
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tion of having capacity far in excess of current 
needs.” 

The dinner, which wound up the highly successful 
three-day meeting, was toastmastered by George W. 
Romney, assistant to the president, Nash-Kelvinator 
Corp.—and welcomed to Detroit by Detroit Section 
Chairman E. P. Lamb. 

SAE President Stanwood W. Sparrow spoke briefly, 
mentioning that SAE was founded by automobile 
engineers and emphasizing the vital part which So- 
ciety meetings have played in helping those en- 
gineers to get closer to solution of their constantly 
changing problems. “We know that, good as today’s 
cars may be,” he concluded, “they can be made 
better. ... and we look forward to the fun of making 
them so.” 


Good News on Steel 


Shaner, whose organization publishes the maga- 
zine “Steel”, said that the distribution pipelines for 
most finished steel products are now filled—and 
that those of the few products in which demand still 
exceeds supply will be filled in a few months. Before 
the year ends, he predicted, the demands upon the 
steel industry will consist wholly of steel required 
for current needs. 

“During the past 34 years,” Shaner said, “steel 
industry operations have averaged 70% of capacity. 
Consumption per capita has risen gradually 
throughout the years and may be expected to con- 
tinue to increase. Based upon carefully estimated 
per capita consumption figures applied to the esti- 
mated population, the steel industry should have a 
steel ingot capacity of 102,500,000 tons in 1955 and 
109,900,000 tons in 1960. The industry in the past 
has amply demonstrated its ability to increase ca- 
pacity at this rate or higher. 

“Far from being negligent in building for better 
service in the future,’ Shaner concluded, “the stee! 
industry is alert to its responsibilities. Steel has 
done an exceptionally good job under trying condi- 
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| possibilities and prophetic of future trends. 
' has been a general upping of compression ratios in 
' postwar cars, the meeting brought out. 









Brisk differences of opinion 


stimulate 


tions. It will come through in the future.” 


Engines 
General belief that engine compressions will keep 
going up was fortified by developments reported at 


' the meeting, notably by the behind-the-scenes story 


of problems met and solutions decided upon in the 
new Cadillac 7.5 to 1 engine. Its 699 lb and 133 hp 
(5.25 lb per hp) was seen as indicative of current 
There 


Both oil men and car designers emphasized the 
chances and the need for building more “mechanical 
octane numbers” into engines as well as for pro- 
ducing fuels of higher octane as time goes on. “Fu- 


' ture developments in engines will depend largely on 


extension of past trends in octane number,” one 
engineer put it, “and upon ability of automotive en- 
gineers to make significant gains independent of in- 
crease in octane number of fuel.” The oil industry, 
it was noted, is much encouraged to create higher 
octane fuels when it knows that the engine designer 


Earl L. Shaner 


George W. Romney 


debate at sessions 


is also building every mechanical octane number he 
can into his engine. 

Attractive gains in thermal efficiency and power 
losses awaiting engines in the 8 to 12 to 1 compres- 
sion ratio range were previewed via results of tests 
on modified current production and experimental 
engines. They presage compression ratios still 
higher than present ones as soon as suitable fuels 
are available. 

It was reported that if compression ratio alone is 
increased, with no other change, brake specific fuel 
consumption will improve throughout the engine’s 
entire load and speed range. There were two 
reasons given for this: First, improved thermal ef- 
ficiency. And second, reduction in heat loss. 

Improvement in both indicated and brake thermal 
efficiency over the entire 8 to 12 to 1 compression 
ratio zone was said to be excellent. It is consistent 
over the whole speed range. Fact that actual im- 
provements matched theoretical expectations 
sharpened enthusiasm for the swing to high ratios 
as soon as the fuel situation permits. 

Total heat loss to the cooling water after boost- 
ing compression ratio, without any other change, 


E. P. Lamb S. W. Sparrow 








At the dinner which closed the meeting Earl L. Shaner, president, Penton Publishing Co., was the chief speaker: George 
W. Romney, Nash-Kelvinator Corp., was toastmaster: E. P. Lamb, Detroit Section Chairman, welcomed the guests: and 
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SAE President S. W. Sparrow spoke briefly 


51 








PASSENGER CAR BODY 


PRODUCTION 


MATERIALS 





The four Activities participating in the meeting are led for 1949 by Vice-Presidents G. B. Allen (Passenger Car); F. S. 
Spring (Body); L. C. Goad (Production); and H. B. Knowlton (Materials) 


was said to remain about the same on a Btu per min 
basis. But when compared as to Btu per min per 
bhp, heat losses drop noticeably as compression ratio 
goes up. Test data presented by one researcher 
showed about a 25% drop in heat loss going from 8 
to 1 to 12 to 1 compression ratio for a particular ex- 
perimental high-compression engine. 

Even efficient high compression engines leave 
room for better heat balances, it was argued, since 
only 25 to 30% of heat supplied the engine shows 
up as useful work at the flywheel. 

Influence of compression ratio on friction horse- 
power stimulated interest in the light of the remark 
that “at 40 mph we realized a gain of nearly 2 mpg 
when friction was reduced 244 hp.” Although fric- 
tion horsepower was said to increase with com- 
pression ratio, it was shown that design improve- 
ments could lower friction losses despite a boost in 
compression ratio. 

A case in point noted by a researcher into high 
compression facts, is the improvement of Cadillac’s 
1949 engine over its 1948 version. 

The Cadillac story traced development of the 1949 
powerplant from previous designs, and special re- 
search developments pointed to an engine “with im- 
proved volumetric characteristics unaffected by 
higher compression ratios and a basic structure 
capable of withstanding loads from higher explosion 
pressures without noticeable harshness.” Particu- 
larly interesting were the comparisons revealed be- 
tween the resulting 1949 powerplant with previous 
Cadillac designs. Here’s the way the comparisons 
stacked up: 





The possibility of aircooled engines for commer- 
cial vehicles brought sharp interest. Proponents of 
the aircooled powerplant feel that such an engine 
might well replace a cast-iron liquid-cooled engine 
in commercial vehicles from an engineering, per- 
formance and economic standpoint with some very 
important advantages realized... . “But,” one au- 
thority said, “it remains to be proved from com- 
mercial experience that the aircooled can meet the 
commercial requirements—although military use 
would forecast equality in this respect.” Human 
inertia, too, was recognized as a major obstacle to 
acceptance of the aircooled engine for commercial 
cars. 

One detailed report of a study based on aircraft 
and military vehicle experience with aircooled en- 
gines, gives the liquid-cooled engines only one clear 
advantage over the aircooled for commercial vehicle 
use—temperature of cooling air leaving the engine 
is lower. The aircooled job was rated as superior 
in eight respects: plumbing difficulties, anti-freeze 
requirements, weight, fan power, quantity of cooling 
air required, power loss due to combustion chamber 
deposits, serviceability, and cold operation. On 
seven other points, the study rated the two types as 
about equal: cost, established manufacturing equip- 
ment for high production, long life, noise, oil con- 
sumption, anti-detonation quality, and fuel con- 
sumption. 

But plenty of engineers disagreed or were skepti- 
cal about the claimed superiorities of the aircoolec 
engine. “An aircooled engine in a vehicle,” one sub- 
mitted discussion pointed out, “has many of the 
traits of a unit powerplant in- 





DESIGN CHARACTERISTICS OF CADILLAC V-8 ENGINES 


stallation as far as heat rejec- 


Model 314 341-353 346 331 A at very 
Year 1915 1927 1928 1935 1936 1948 1949 ane is concerned, in ated 
Bore 31/8 31/8 35/16 33/8 31/2 31/2 313/16 little assistance in cooling can 
Stroke 51/8 51/8 415/16 415/16 41/2 41/2 35/8 be expected from impact. . 
&/B Ratio a oy 4 og aa a 0.95 Also, in some cases, the engine 
Displacement 314 46 331 

Rod Length 11 11 101/2 101/2 83/4 83/4 65/8 lubricating oil as well as the 
L/R Ratio 4.29 429 4.25 4.25 3.89 3.89 3.66 transmission oil has to be 
Crank-Top Block 15.55 15.55 14.00 14.00 13.22 13.22 10.44 cooled, if torque converters are 
Compression Ratio 4.25 4.7 56.3 6.25 6.25 7.25 1.50 use” 

Max. Brake Torque 152 186 208 234* 245* 259* 268° : 
Max. B.M.E.P. 73 89 92 100* 107* 113% 122* Questioned also was the 
B.HLP. 17 86 95 108* 117* 124* 133° statement that there is n 
H.P./Cu. In. 0.245 0.274 0.279 0.306 0.338 0.358 0.402 problem in arranging air paths 
Engine Weight 683 714 805 837 858 887 699 : ite 
Lbs./H.P. 887 830 847 7.75 7.33 7.15 5.25 to cool all critical areas 4 


* PERFORMANCE DATA TO G.M. TEST CODE STANDARDS AS IN- 


STALLED WITH COMPLETE EQUIPMENT. 
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oles. 
-ontrol of air—is no simple task, discussers argued. 

Speculation at the meeting pointed to the rear- 
engined vehicle as the best chance to exploit the air- 


Bafling—and hence directional and velocity 


sooled engine in passenger cars. The reduced 
powerplant weight would help correct weight distri- 
bution difficulties, it was argued. 

A front engine installation was shown, however, 
where aircooled engine weight saving and short 
length might improve steering by taking load from 
the front wheels and improving passenger disposal. 
Estimated design and performance of not-yet-built 
engines rated at 3800 rpm show installed weights 
slightly less than 3 lb per hp as against 6 lb per hp 
yn liquid-cooled engines. On the basis of a 100 hp 
liquid-cooled engine, the weight saving of the air- 
‘ooled would be 300 Ib. 

Noise, vibration and exhaust valve problems were 
thought by several discussers to be greater air- 
‘ooled problems than indicated by proponents of 
that type engine. 

Other engine trends stressed during the meeting 
included those indicated by usage as expressed in 
1949 model engines. Mentioned were increases in 
breathing capacity resulting from use of relatively 
still smaller exhaust valve diameters as compared 
to the inlet; new piston designs on a number of 
models; lowered hoods, resulting in reduction of 
overall height of carburetors; increased use of pres- 


sure cooling to improve cooling under heavy engine 
output. 


Brakes, Steering, and Ride 


Brakes, steering and other elements of car design 
‘ame in for debate, chiefly during a discussion of 
the relative merits of European and American high- 
priced car designs. 

American designers don’t like the way European 
‘ars Steer, brake, and ride, the argument developed, 
while European engineers feel that American de- 
signs are deficient in these respects. Designs are the 
vay they are on both sides of the Atlantic, it was 
agreed, chiefly because the cars have different road 
-onditions and driving habits to meet. 

American low-geared steering, it was admitted, 
‘ppears to be necessary and desirable for cars which 
‘re regularly driven by women as well as men under 
4 Variety of use conditions, although American en- 
sineers admitted the possibility of better than com- 
mon compromises which might approach a resolu- 
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tion of the differences. Defending low-ratio steer- 
ing, the Americans stressed the importance of the 
woman driver over and over again. 

On steering, one American suggested, the Euro- 
pean engineers might have their cake and eat it too 
by use of a variable ratio steering gear having an 
unusual angular travel of about 115 deg. 

European critics who thought American brakes 
deficient on long down-grades and bad road sur- 
faces, were met partly by the statement that going 
into second gear is normal practice in this country 
and partly by the claim that American brakes don’t 
fade as much as the critics say. 

The American boulevard ride, also criticized by 
Europeans, was defended as suited to American con- 
ditions where a majority of the cars in the world are 
sold—and also as part of pleasing the average 
woman instead of the high-speed, rough-road male 
drivers for which, the Americans feel, the European 
designer is chiefly aiming. 

High American noise levels were admitted, outside 
the engine area, but need for more data about their 
cause and cure were sought. 

Out of the variety of differences, however, came 
general agreement that our cars might still benefit 
from striving for a better solution than now exists 
to meet the wide variations imposed internationally. 


Bodies 


Body interest at the meeting centered on a debate 
about the relative merits of the unit-type body as 
compared to frame and body construction. Papers 
descriptive of current practice and historical devel- 
opment in frames, springs, padding materials, and 
trim for car seats also came in for attention. 

Proponents of the unit-type body claimed im- 
portant advantages for such construction. Such 
design, one engineer said, “saves heavy gage steel, 
reduces weight, saves equipment, saves factory space, 
saves labor, eliminates difficulty with interference 
caused by variations between body and chassis 
frame, and makes assembly operations easier.” 

Bodies were described in which the unit-type 
averaged well over 50% stiffer than the frame type 
and in which net saving of 130 lb came about with 
elimination of the frame. 

Opponents said that weight differences between 
the two types “are not nearly as great as some per- 
sons may have expected if both designs are thor- 
oughly coordinated during the design stage.” De- 
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velopment expense is definitely in favor of the frame 
car, its backers say, adding that the collision factor 
is vague, but the frame car would seem to have the 
advantage. The cost differential—a factor of major 
importance—was claimed by the frame-and-body 
supporters to be well in favor of the properly de- 
signed frame car. 

“The body as designed today is ideal for unitized 
construction,” one proponent said, pointing out that 
by utilizing the metal already existing we have 
evolved a stiffer body. This is generally interpreted, 
one discusser countered, to mean that the body shall 
carry more load. We must remember, he contended, 
that deflection is proportional to the load; that we 
can’t get something for nothing. Admitting the 
unitized structure makes a very efficient underbody, 
he questioned whether or not more body deflection 
can be handled and how that greater deflection is 
to be explained. 

Improvements in frame-body constructions have 
been greatly stimulated, several engineers think, by 
the competitive development of the unit structures. 

It was generally agreed, by proponents of both 
schools, that inauguration of a unit body structure in 
a company requires a much greater coordination of 
chassis and body engineer skills and abilities; a new 
integration of personnel. 

Disagreement persisted as to whether or not the 
unit body can be adapted readily to manufacture in 
a great number of assembly plants and to a con- 
siderable variety of chassis sizes and models. Op- 
ponents say such problems are great; proponents 
said they are minor. 

From a service standpoint, the unit-type job is 
just about the same as the frame type in cost and 
difficulty of repair—according to engineers experi- 
enced with the unit-type. 


Car Seat Construction 


From experts on car seat construction, the meet- 
ing heard of a new coil spring unit for seats which 
can be adjusted to suit the needs of people of differ- 
ent sizes and weights and got a clear picture of ex- 
actly what is being used today in the way of pad- 
ding, seat frame construction and trim. 

Adjustment of the new coil spring seat takes about 
3 min, it was said, and consists of applying or re- 
moving the supporting elements in the seat. The 
job is done in a service station, where each of four 
or six pocketed coils is compressed and inserted into 
the cushion. 

Rear seat frames, it was reported, are usually built 
into the body structure today, though front seats 
require a frame independent of the body itself. The 
bulky wooden or composite seat structures of years 
past have been supplanted by modern designs which 
are stronger, wider, and at least equally compact. 
Front seat frames are now either of the tubular steel 
or of the stamped type of design. 

Trends in seat paddings, it was indicated, went 
through a sort of spiral journey from the original 
curled hair used in the early days to the modern rub- 
berized curled hair pad .. . and now to the molded 
rubber pad, in varying thicknesses and in any shape 
or design desired. 

Car seat trim, another report revealed, has 
changed radically from the fabricating methods 


used for touring car seats back in 1910. Present day 
development of seat trim requires the cooperation of 
the seat frame designer to incorporate features fo; 
properly attaching the trim units in the most prac. 
tical and economical way. Spring manufacturer; 
supplying sample springs, suggest ways of simplify- 
ing the construction during the sample-building 
process—and padding manufacturers often sugges; 
methods for better production control during de- 
velopment of padding samples. 


Test Methods Detailed 


Current methods of finding out the real extent o 
power losses in a given car design—as a basis for 
predetermining car performance—were detailed by 
experts at the meeting and discussed at length 
Emphasis seems to be on better ways of isolating the 
characteristic being measured, under actual or 
simulated driving conditions, whether in the labo- 
ratory or on the road, to get truer values. Descrip- 
tions of a chassis dynamometer, road-testing equip- 
ment, and laboratory techniques with high com- 
pression engines exemplified this trend. 


Novel feature of the dynamometer installation 
described is the incorporation of a large fan (driven 
indirectly by the car through traction wheels) which 
simulates both air resistance and cooling of cars 
on the road. Air resistance of a car varies approxi- 
mately as the square of car speed; so does the load 
on a centrifugal fan. By suitable choice of fan size, 
nozzle area, and drive ratio between drive wheels and 
fan, it is possible to get the same air velocity as the 
car speed, while absorbing the same power that 
would be required to overcome wind resistance on 
the road. 


Even running the complete car on the road was 
said to provide few specifics unless the proper in- 
struments and techniques were used. 


For example, wheel torque measurements were 
specified as the only way to determine actual power 
required at the wheels to propel a car on a straight 
road. They measure directly tire, wind, and rolling 
losses. Strain gages cemented to the axle housing 
of Hotchkiss drive-equipped cars do this by showing 
torque on the ring gear, or wheels. 


In another torque-measuring method described, 
to determine wind and rolling resistance, torque 
measuring elements are installed in the rear wheels 
rather than on the rear axle housing. Advantage 
claimed for this over the strain-gage rear-axle setup 
is that it is more practical to transfer auxiliary 
wheels from one car to another and to make neces- 
sary tire changes than to mount elements on the 
rear axle housing of each car tested. 


Users of the. torque wheels said instrumentation 
self-contained in the test car eliminates both haz- 
ards of former high-speed tow tests and possible 
influence on air flow of a car close by. They reported 
chassis-losses (except those from front wheel bear- 


ings) do not affect torquemeters because of thei! 


location. Because they give instantaneous torque 
readings, torquemeters have reduced test time to 
fraction of that required by earlier methods. 


The recording oscillograph was lauded as anotner 
device for spotting specific performance charac’! 
istics. Engineers find recorded data essentia! ‘0 
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evaluate performance during transient acceleration, 
braking, and maneuvering conditions. Same holds 
for studying shifting characteristics of automatic 
transmissions. Oscillograph records can be cross- 
ehecked quickly for accuracy—speed checked 
against time and distance, acceleration against 
change in speed and time—over the whole record 
or over small portions. All traces can be calibrated 
directly against the quantities they represent. 

Discussion found some engineers urging the older 
mechanical and direct-indicating test equipment as 
superior to the newer electrical types for the stand- 
ard tests performed on a large fleet of cars. For 
tests requiring measurement of only one or two 
qualities, it was contended, such instruments as the 
printing chronograph, direct-recording mechanical- 
brake machine and direct-indicating steering-effort 
wheels are more satisfactory than the multi-channel 
recording oscillographs that require a new setup for 
every different test. ... The new electrical equip- 
ment, it was urged, has its largest application in the 
field of special testing, and on standard tests where 
measurements of one or more rapidly changing 
conditions are required. 

A trend toward electrical equipment was recog- 
nized, however, and several technicians feel it will 
continue because of its ease of application. 

To simulate performance of an experimental high- 
compression engine in a car, lab tests were run on a 
dynamometer using the complete engine as installed 
in the car. The engine was complete in every re- 
spect .. . with intake silencer, fan, water pump, 
generator, muffler, and exhaust system. Researchers 
into effects of increased compression ratio advised 
that performance data thus obtained easily could be 


Based on discussions and 16 papers presented at six ses- 
ns under the chairmanships of D. G. Roos, K. E. Coppock, 
R. J. Waterbury, E. S. MacPherson, Paul Huber, and F. F. 
Kishline. Papers “Trends in European Car Design,” A. C. 
Sampietro, D. R Robertson, Ltd., and R. A. Railton. Con- 
ng Engineer “Application of Radioactive Tracers 
Improvement of Automotive Fuels, Lubricants and En- 
‘i P. L. Pinotti, D. E. Hull & E. J. McLaughlin, 

fornia Research Corp. . . . Symposium—Automotive 

, ‘Frames,”” by J. E. Brennan, Chrysler Corp.; “Spr- 

5, by W. A. Clark, L. A. Young Co.; “Padding Ma- 
terials,” by J. C. Gordon, Allen Industries: and “Trim,” by 
C. H. Graham, General Motors Corp “Technical High- 
ghts of Postwar Automobiles,” by A. M. Wolf, Consulting 
eer . Symposium—Frame Versus Frameless Cars, 

gn of Frameless Car Body Structure and Its Relation to 

by T. Ulrich, Nash Motor Division, Nash-Kelvinator 

rp.; “The Frame and Body Combination,”’ by D. W. Sher- 


man, A. O. Smith Corp.; “The Advantages of the Unit- 
2 Construction in Automobile Bodies,”’ by A. R. Cindsay, 
1d Co Symposium—Elements of Car Performance, 


lew Ways of Measuring Vehicle Performance on the 
ad,” by W. A. McConnell, Ford Motor Co.: “Thermal 
ficiency and Mechanical Losses of Automotive Engines,” 
y M. M. Roensch, Ethyl Corp.; ‘Passenger Car Wind and 
ng Resistance,” by K. A. Stonex, General Motors Proving 
round: “A Versatile Car Test ing Dynamometer,” by Neil 
MacCoull, The Texas Co “The New Cadillac Engine. 


H. F. Barr and £. N. Cole, Cadillac Motor Car Division 
eral Motors Corp “‘Air-Cooled Engine Possibilities 
f nger Cars,”’ by C. F. Bachle, Continental Aviation 
1 Engineering Corp . All of these papers will appear 
bridged or digest form in fea thiniali ng issues of the SAE 


|| and those approved by Readers Committees will be 
ansactions 


shed in full in SAE Quarterly Tr 








translated into road performance or miles per gal- 
lon. Effect of compression ratio on brake specific 
consumption—with all normal parasitic losses auto- 
matically accounted for—could be determined in 
this way. 

These high compression ratio studies were said to 
be facilitated by the experimental V-8 engine, built 
by GMC’s Research Laboratories Division, which 
permits operation with compression ratios up to 12 
to 1. Basically the engine is built around the Olds- 
mobile V-8 block, which has a 334-in. bore. Three 
sets of cylinder heads are provided to give ratios 
of 8,10,and12to1. Fuels ranging from the current 
regular and premium grades up to 100 octane num- 
ber or better can be tested in this engine. 

The crankshaft is new, to provide a 3\4-in. stroke, 
compared with the Oldsmobile 1949 3 7/16-in. stroke. 
The production type connecting rod is used, with 
special heat treat. A stronger piston with heavier 
head is installed. Piston pins are also stronger. 
Displacement resulting from the detail changes is 
287 cu in. instead of 303 cu in., keeping the horse- 
power down to a desired level. 

Valves are smaller because the displacement is 
less and the space in the combustion chamber is less 
than in the current production engine. The same 
valves are used with each of the three higher com- 
pression ratios. 

The 6-v ignition system is modified, with some 
changes in the coil and the distributor cap, and with 
longer insulators on spark plugs. 


100 Times Faster 


Engine wear testing can be done 100 times faster 
than usual by applying radioactive tracers to parts 
under test, according to research results disclosed 
during the meeting. In the method described, pis- 
ton rings were activated by nuclear fission products 
in a nuclear pile. Wear of these irradiated parts 
is measured by the amount of radioactive iron in the 
lubricating oil. 

Using new piston rings, it was disclosed, valid 
wear tests can be completed in as little as 3 hr by 
this method—as against about 480 hr by commonly 
used methods. There is no reason why the radio- 
activity measuring equipment could not be modified 
for portable use, it was indicated. 

Greater accuracy as well as much greater speed 
is claimed for the atomic energy method. A delicate 
Geiger counter can detect as little as one-millionth 
of an ounce of metal in the oil, it was said. Radio- 
active testing also reduces fuel and lube oil sample 
size and eliminates disassembly between tests. 

Interest in the new test methods was high among 
technicians at the meeting, with some fears ex- 
pressed about its quick, widespread applicability be- 
cause of the safety precautions necessary to prevent 
injury to those using it. Maximum safe daily ex- 
posure from a health standpoint, it was said, is 100 
milliroentgens per day—one roentgen being the 
quantity of ionizing radiation which will dissipate 83 
ergs in ionization per gram of body tissue. The 
strongest radiation in the test method used is in 
the rings themselves. It is not transferred to the 
cylinder walls except when adherence or welding 
of particles actually takes place. This can be 
avoided, it was claimed, by careful washing. 
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Production Clinics 





PRODUCTION PANEL CHAIRMEN with Clinic Chairman Joseph Geschelin, Chilton Co. (center). 


Left to right: A A. 


Weidman, Detroit Diesel Engine Division, GMC, C. R. Lewis, Chrysler Corp., R. P. Lewis, Spicer Mfg. Division, Dana 
Corp., H. R. Boyer, GMC, Mr. Geschelin, H. C. Smith, Great Lakes Steel Corp., E. F. Gibian, Thompson Products, Inc., R. G. 
McElwee, Vanadium Corp. of America, and O. E. Johnson, Kaiser-Frazer Corp. 


From the eight Production Clinic panel sessions 
emerged the know-how of experts, stemming from 
the kind of practical experience that seldom is re- 
corded in technical literature. 

Attendance at the panels ran far higher than any 
advance estimates might have predicted—with in- 
terest more evenly spread over the various areas 
covered than ever before in the three-year history 
of these Production-Activity sponsored sessions. 
Meetings facilities were stretched to the limit to 
handle the hundreds of information-hungry manu- 
facturing men who poured in from automotive plants 
of all sizes and descriptions. The Production Clinic 
was a Major success. 

A corps of volunteer reporters from the Detroit 
Section Junior Activity made possible SAE Journal 
reporting of the high spots of the information 
traded at these eight panel sessions. Organized for 


Clinic Chairman Joseph Geschelin by H. E. Chese- 
brough, Detroit Section Vice-Chairman for the Jun- 
ior Activity, the group consisted of the following: 

Scott Rumely, Ford Motor Co., who made the as- 
signmentsS and correlated the work of the Junio! 
reporters; William E. Jackson, DeSoto Division, 
Chrysler Corp.; James D. Cannon, Chrysler Corp 
Neil L. Thompson, Packard Motor Car Co.; Lloyd W 
Schuhmann, Chevrolet Division, GMC; Duane * 
Hefty, Wire Assembly Corp.; Donald H. Nelso! 
Chrysler Corp.; R. H. Dickenshied, Ford Motor C 
Ruth E. DeWald, Chrysler Corp.; John Bush, GMC; 
E. P. Konopke, Wayne University; A. W. Holl: 
Eaton Mfg. Co. 

The highlights of the information developed 
the eight clinics is based on the notes and repor's 
from this group of effectively cooperating Jun 
members. 


SAE JOURN 












Production & Manufacturing Control 


































Left to right: J. E. Adams, White Motor Co., C. A. Koepke, Consultant, 

Panel Leader E. F. Gibian, Thompson Products, Inc., Roy W. Vorhees, 

Plymouth Division of Chrysler Corp., F. E. Boze, Delco-Remy Division, 
GMC, and P. A. Miller, Leece-Neville Co. 


Based on reports by W. E. Jackson and E. P. Konopka 


More than ever manufacturing men aim to keep produc- 
tion finely attuned to economic conditions. This was 
pointed up by the information exchange among these spe- 
cialists at the meeting. 

With our changing market, the trend is toward a low 
inventory, away from a high one—despite the risk, they 
observed. As never before inventories are being closely 
controlled. Job shops are more seriously affected because 
of limited space and low production. 

Only way to anticipate a drop in demand and thus avoid 
a high inventory is a sound sales forecast. Engineers 
warned that in developing a sales forecast, advice from the 
sales department is generally optimistic. Accurate sales 
forecasting judiciously evaluates numerous factors. 
history and use of product, knowledge of what customers 
are doing and planning, study of business patterns and 
economic trends. 

Reliability of a sales forecast was questioned where serv- 
ice is an important part of the business. Service accounts 
require larger inventories and are becoming more important 
with the return of a buyer’s market, one engineer noted. 

It was recommended that service inventory be treated in 
the same way as production inventory. However, stocking 
of materials seems to depend entirely on the product and 
company policy on service parts. Inventory of raw ma- 
terials should be determined by detailed study and analy- 
sis of usage, being kept flexible so that it can be constantly 
revised and adjusted with change in overall volume of 
business. 

Although no foolproof method has been developed of 
keeping count of production to eliminate the human factor, 
considerable headway has been made on this problem. For 
example, some production control systems schedule only 
the required material for a job. This should tally with the 
number of finished pieces and scrap. 

Another way to keep accurate count is to use containers 
holding a specified number of the finished pieces, each 
placed in a cubbyhole or on a peg so that the number of 
pieces can be determined at a glance. 

Best ingredients for a system to combat padding are 
good management, skilled supervision, and honest labor. 
Any checks made to trace shortage due to padding will only 
temporarily eliminate the trouble. Count after each opera- 
tion has been discarded in favor of a count of finished 
pieces only. A bonus plan also was said to help in this 
matter. 

But the bonus plan, tag rates, or any other incentive 
system will not work if supervision is inadequate. Those 
experienced with incentive systems pointed out two pitfalls: 

the union may prevent use of a fair standard, and (2) 
when time studies are made to determine the standard, 
wo! kers tend to slow down so that the standard will be set 
i 

was reported that certain products or methods of 
production do not lend themselves to incentive systems. 
\n incentive recommended for promotion of depart- 
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mental efficiency is to give supervisors an insight into the 


cost of operating their department. Previous day’s ex- 
penses of the department should be compared with 
budgeted expenses. Such operations make the foreman feel 
he is a part of management. Production men divided 
themselves into two camps on whether breakdown time 
should be charged against departmental efficiency. One 
group felt the foreman is responsible only for the time 
he can control. The other considered breakdown time 
properly chargeable against efficiency. 





Materials Handling 





Left to right: O. A. Parmenter, Factory Sales and Service Co.. E. B 

Thurston, Haughton Elevator Co., C. P. Whiteley, Automatic Transporta- 

tion Co., Panel Leader O. E. Johnson, Kaiser-Frazer Corp., W. }. Dern- 

berger, Ford Motor Co., R. R. Shelton, Mechanical Handling Systems, Inc., 
and R. K. Degener, Equipment Manufacturing, Inc. 


Based on report by Duane S. Hefty 


Finding better and more economical ways of moving and 
storing materials—from the raw to the finished stage— 
is the chief aim of material handling specialists, meeting 
participants disclosed. 

For example, much interest was focused on a container 
that collapses into a package one-quarter of its original 
size. It is widely used for material weighing up to 6000 lb 
per unit. Big advantage of the collapsible container is 
in the shipment of empty ones. Every four loads of ma- 
terial leaves only one load of empty containers. Made of 
square tubing and welded steel wire sides, these containers 
can be stacked on top of each other or fitted with casters 
for hand movement. They are relatively light for the loads 
they carry. Truckers are encouraging their use. 

This type of container for shipping as well as storage 
eliminates handling of the material from shipping con- 
tainer to storing container. 

Also used for both shipping and stocking are pallets with 
removable sides. Minimum material handling was claimed 
for this device. These pallets are fitted with eyelets fo. 
use with cranes and are built for heavy loads. 

Type of pallet recommended for handling veneer is one 
with three closed sides and a bottom sloping away from 
the open side. This pallet can be picked up with a fork 
truck without danger of the veneer sliding since the weight 
is against the closed sides. 

Choice of gasoline or electric trucks, it developed, de- 
pends on the particular job. Although electric trucks cost 
less to maintain and last longer, initial price of gasoline 
trucks is lower. 

Facts to be ascertained before selecting 
hoists are: 

1. Weight to be lifted. 

2. Maximum height. 

3. Maximum hook travel time per load. 

For cranes in intermittent and standby duty or for use 
about two-thirds of the time, safety factors for loads is 
120%. A 200% factor was urged in choosing cranes and 
hoists for rapid handling and continuous service or those 
on 24-hr duty. 

In dispatching another phase of materials handling, one 
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type of system mentioned consists of mounting on a board 
a sample of the part showing the department that needs 
it. The driver then picks up the sample, goes to the 


stock room, matches it, and delivers the parts. Some pro- 
duction control men find that this eliminates use of com- 
plicated part numbers, as far as the driver is concerned. 

In operations requiring a full time dispatcher, radio has 
proved successful. 

Also stressed at the meeting was the need for closer co- 
operation between schools and industry to develop men as 
materials handling engineers. These men should be so 
trained to be responsible for flow of a material from the 
vendor’s plant, through the production line, and on to 
the customer. 

To insure most economical materials handling, cooper- 
ation between supplier plants, transportation companies, 
and main assembly plants was urged. 


Gear Design & Production 





Left to right: D. T. Sicklesteel, Detroit Gear Division, Borg-Warner 

Corp., Bain Griffith, Chevrolet-Gear and Axle Division, GMC, Panel 

Leader R. P. Lewis, Spicer Mfg. Division, Dana Corp., G. H. Sanborn, 

The Fellows Gear Shaper Co., B. F. Bregi, National Broach and Machine 
Co., and John Wetzel, Dodge Division, Chrysler Corp. 


Based on reports by Donald H. Nelson and A. W. Hollar 


Gear clinic discussions pointed up the high degree of 
specialization to which gear design and production has ad- 
vanced to meet widely different problems. 

In fact one engineer suggested abolition of all gear 
standards “since all gears are now special in some way.” 
This opinion was tempered with advice that gear standards 
should be used as points of departure (especially for helical 
gears) and retained and used as is for spur gears. 

Gear production and design men were quite intent on 
the effects of Parker lubrizing. Those using this process 
find it particularly useful in the critical stage of gear wear 
—the first 500 miles of service where the high points score. 
The lubrized surface, they reported, prevents welding and 
scoring. Minute particles of the crystalline surface break 
and have a slight lapping effect on the high points. The 
lubrized surface wears off quickly and offers no benefit in 
later service. 

Parker lubrizing has replaced copper plating of gears, 
it was said, because it not only prevents welding and 
scuffing, as does copper, but it also is cheaper; and E.P. 
lubricants necessary for hypoid gears attack copper plate. 

Shops making matched gears reported that lapping 
helped the matching operation. By lapping all the gears 
first, about 90% match easily. Without lapping, much less 
than 90% would match with no trouble so that much more 
difficulty would be experienced with the balance. Lapping 
also reduces out-of-parallelism somewhat. One company 
specifies a maximum limit of 0.002 in. in 12 in. as the 
maximum out-of-parallelism limit. 

From lapping, gear production discussions turned to the 
more common shaving operation. Engineers advised that 
shaving will correct tooth-to-tooth errors; but when the 
shaving hob makes contact with only two teeth at one time, 


it cannot correct cumulative error running 180 deg around 
the gear. 


Practical minimum involute overlap for gear shaving was 
given as 1.75, although perfect results were reported wit) 
a 0.6 overlap—obtained accidentally by using a shayino 
hob with a tooth broken out. 

Although burnishing can be eliminated by the shayinp 
hob design, it does occur with standard hobs, most cop. 
curred. But they find this burnishing beneficial in re. 
moving high spots and filling in low ones by smearing. 

Ordinarily gears cannot be shaved after carburizing be- 
cause precipitation of cementite makes the surface to 
hard. However, the following method is used in specig) 
cases: carburize deeper than normal (for example, if 0.039 
is desired, carburize to 0.040); next rehob, removing 0.005 
to 0.007 in. stock per side, getting under hard particles: 
last step is to shave, removing about 0.002 in. per side. 

When carburizing after cutting, any heat-treat distor- 
tion of gears was traced to uneven carburizing. Uniform 
distortion of gears during heat-treat usually can be com- 
pensated for in grinding or even shaving. If distortion is 
uneven, the practice is to put the maximum allowable 
lead all in one direction—crown shaving, for example 
Crown shaving does not decrease the bearing area and 
minimizes the need for lapping. A quenching die and press 
also was said to help control distortion of gears in heat- 
treat. 

Surface finish recommended as best for hypoid and spira] 
bevel gears varied all over the lot. Some said it can’t be too 
good; others argued it can be too good. The latter group 
supported their contention by noting that too smooth a 
finish provides no pockets for the lubricant so that the 
film is wiped off completely. Gears ‘a little bit rough’ will 
wear at first and run quieter, if the lubricant is not too 
efficient in preventing metal-to-metal contact. 

On the design side, it came out that most automotive 
manufacturers developed their own formulas, based on ex- 
perience, for computing gear strength (tooth loading) 
They use Buckingham’s only as a starting point; experi- 
ence shows gears figured to them are too strong and costly 

Smallest amount of back-lash permitted was suggested 
when dealing with high pitch-line relations—10,000 to 
15,000 ft per min. There should be just enough for an 
oil film. Too much back lash permits vibration. But there 
should also be enough to allow for deflection under load 


Preventive Maintenance of Plant Equipment 





Left to right: H. E. Hardenbrook, Buick Motor Division, GMC, H. 5 

Wells, Chrysler Corp., Panel Leader H. R. Boyer, GMC, Otto Klausmeyer 

Studebaker Corp., W. C. Hartley, Nash-Kelvinator Corp., and Henry 
Rourke, Ford Motor Co. 


Based on report by Lloyd W. Schuhmann 


Plant maintenance men at the meeting emphasized 
selection of proper equipment as the best preventive mainte- 
nance measure. ’ 

For example, for handling cast-iron borings, mechanica! 
conveyors in tunnels have been found most flexible sin 
machines straddle tunnels and can feed into the tunne's 
at any point. Mechanical conveyors also eliminate d 
collectors necessary in pneumatic systems, which w‘' 
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: to require considerable maintenance for efficient 
Pipe wear also is a sizeable problem with pneu- 


ope yn. 
matic conveyors. ‘ 
H ver, pneumatic conveyors do a good job in some 


tallations where chilled iron ducts are used (to cut 
ear) and where fresh air is taken in to move the 


For extremely hard, tough chips—which would damage 
vstems—sluice-type systems are used with an excess 
f lubricant to carry chips through drainage canals to 
‘ ction system. Trucks and skid boxes also do a good 
iob in some cases. 

For handling cast-iron chips, a preference was shown 
for briquetting. It results in 76% density. Briquettes are 
economical to handle in charging the cupola. One man 
per machine can briquette 50 tons per day. Up to 12% of 
the cupola charge can be briquette. Their known ¢gom- 
position makes them superior to other types of scrap. 

Apropos of equipment selection, sound design was stressed 
as basic in preventive maintenance. Plant men agreed that 
basic mechanism of machines generally is adequate, but 
accessories—such as built-in chip conveyors, dust collectors, 
and hydraulic and electrical systems—often are deficient. 

Reason advanced for this is that not enough considera- 
tion is given to maintenance cost on machines; thus com- 
panies are unwilling to pay more for machines better in this 
respect. Discussers said that management concerns itself 
more with overall cost of production and continuity of 
production than with cost of the machine. 

Plant maintenance men learned that they could best 
control their day-to-day operations by developing a stand- 
ard maintenance schedule. Effectiveness of this schedule 
hinges on the complete cooperation of the production, time, 
study, and maintenance departments. 

In developing his schedule, the maintenance engineer was 
told to study and record all jobs performed in a manu- 
facturing department over a certain period. Each mainte- 
nance item must be recorded. 

These data tell him just what is needed to keep that 
department operating efficiently ... the necessary day- 
to-day inspections and routine preventive maintenance 
operations that can be assigned. From this the engineer 
develops a check list for each maintenance man showing his 
daily jobs. The man signs this sheet at the end of the day. 

In this way each man’s whereabouts and activities are 
known; responsibility for lack of maintenance is tied down; 
and the number of maintenance men so assigned will keep 
the department working at its optimum efficiency. In 
most cases the development of such a system, it was said, 
reduces the maintenance manpower. 

The continuous control afforded certain conveyors by 
such a system cuts down the sabotage of equipment. Addi- 
tionally, maintenance standards help considerably in select- 
ing equipment. They spot equipment shortcomings and 
lead to intelligent stocking of replacement parts. 

In case of emergency breakdowns, a floating crew should 
be available. Such a crew can be small because good 
maintenance reduces potentiality of unforeseen breakdown. 

Key to successful preventive maintenance is a good 
lubrication, plant engineers unanimously agreed. And a 
good personnel training program on lubrication was con- 
sidered just as important as the technical side of lubrica- 
tion 

One way described for keeping lubrication records is to 
‘ag each machine for lubrication points, type of lubricant 

designated by company standard), and frequency of lubri- 
cation. From these requirements individual routine duties 
can be Mapped out. 

A record of the amount of lubricant used—possible with 
definite schedules—often shows up troubles in the machine 

such as poor design, rough handling, or normal wear and 
tear) and ties in with the maintenance record. 

B 1 bearing lubrication depends largely on the applica- 
ion (load, speed, and ambient conditions), consensus of 
‘Pinion indicated. In most average cases more harm is 
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done by excessive than by deficient lubrication. Grease 
guns with specific regulated pressure prevent excessive 
lubrication. 

Every two years or after about 5000 hr of operation was 
the frequency of bearing lubrication recommended. One 
engineer said he greased ball bearings only when electric 
motors are overhauled, which averages once every two 
years, but is exceeded in many cases. He also reported that 
grease in bearings seems to be in good shape at inspection. 


Body Steel & Its Treatment 





Left to right: T. F. Olt, Armco Steel Co., V. M. Darsey, Parker ‘Rust 

Proof Co., C. A. Burkhalter, Wheeling Steel Corp., Panel Leader H. C. 

Smith, Great Lakes Steel Corp., C. L. Altenburger, Great Lakes Steel 

Corp., J. F. Randall, Ford Motor Co., and N. E. Rothenthaler, Ford 
Motor Co. 


Treatment of body steels, a panel of experts agreed, still 
depends heavily on personal experience and know-how, 
and on cut-and-try experiments with individual problems. 
Scores of test methods to predetermine the effectiveness 
of particular steels on particular applications were men- 
tioned and explained—and given credit as important helps. 
But none of them were promoted as being nearly fool- 
proof by the steel technicians who know most about their 
possibilities and limitations. 

The “breakage allowance” method, for instance, was 
called “still the best system of evaluating that tangible 
called drawing quality.” Apparently no other method yet 
devised fully meets the requirements of being “a simple, 
practical and not time-consuming and costly method of 
measuring or evaluating drawing quality of sheet steel’— 
the material which “‘by steel selection and exacting control 
of the processing operations, is made suitable to meet the 
severe deformation required when drawn into hollow bodies, 
generally without the development of objectionable surface 
disturbances.” Producer-consumer cooperation has to be 
constant and close to get the best results. 

The variables involved in developing suitable deep-draw- 
ing steels, in fact, were characterized as “frightening.” 
Discussers agreed with a panel expert that development 
of such steels “took place by the application of practical 
knowledge gathered by cooperation between producer and 
consumer—and was mostly completed before current 
theories were completely evolved.” Currently-used prin- 
ciples in drawing and cold-working steels, it was stressed, 
are “the result of continued experience rather than or- 
ganized knowledge” .. . the design and handling tech- 
niques are worked out by cut-and-try methods—and any 
major change in steel characteristics is likely to involve 
some changes in die contours and techniques. 

The idea was scouted that, because mechanical tests can 
be correlated statistically with performance, conclusions 
can properly be drawn that the property measured actually 
defines the capacity of the metal to be drawn. The me- 
chanics of plastic flow, steel men admitted, is not in as 
advanced a state of development as is the elastic theory— 
and that such theory as we have is ponderous and difficult 





59 





to apply quantitatively. 

Chemical coating, it was agreed, is a real help in the 
drawing of steel, because: It reduces friction by providing 
more effective lubrication; it absorbs and holds—when it 
is nonmetallic—lubricant between the work and the die 
which is difficult to squeeze out even under high pressure; 
it permits less polishing because of fewer scratches; and, 
minimizes metal polishing prior to painting and plating. 

Big developments were reported in welding as applied 
to body construction. Within the last 18 months, it was 
shown, high-rate production of resistance welded as- 
semblies at minimum cost have been approached from a 
radically different angle. Welding machines have been 
integrated with stamping press lines. Result: When suit- 
ably designed, a straight line flow of material can be ob- 
tained from the original steel blank to the finished major 
component. .. and high-speed welding equipment now 
can produce 300 or more assemblies per hour with each 
assembly containing from 100 to 300 resistance welds. 


Inspection & Quality Control 





Left to right: Keith Van Kirk, Magnaflux Corp., S. C. Starnaman, Olds- 

mobile Division, GMC, James Rayer, Timken-Detroit Axle Co., George 

Scranton, Ford Motor Co., Panel Leader A. A. Weidman, Detroit Diesel 

Engine Division, GMC, J. N. Berrettoni, Dr. J. N. Berrettoni and Associ- 

ates, G. K. Peets, Packard Motor Car Co., and R. H. Colvin; Burd Piston 
Ring Co. 


Based on reports by R. H. Dickenshied and W. E. Jackson 


Quality control is gaining acceptance in the automotive 
industry at an accelerated pace, discussion by production, 
inspection, and design men indicated. 

They defined quality control as the statistical control of 
parts by inspection, a scientific approach to problem 
analysis in which information is relayed for corrective 
action. Many labelled it a tool for controlling scrap rate 
and tool cost. 

Indications are that manufacturers are going to demand 
certified quality from suppliers because rework on vendors’ 
materials is high. Suppliers were urged to become more 
quality control-minded since reworking has grown to 
serious proportions; this also pointed up a need for stand- 
ardization of inspection methods. 

For this reason many industrial buyers are launching 
quality control programs. The move is growing rapidly. 
Quality control men said sampling methods have been in- 
troduced and are being standardized throughout industry. 
They warned of an increased trend to send material back 
to a supplier when it does not meet required specifications. 

Quality control specifications depend cn the importance 
of the particular part. More control is maintained on parts 
vital to an assembly, less on those whose failure would 
cause little or no damage. 

What to control also seems to be a matter of good judg- 
ment. At present major dimensions are 100% inspected 
and minor dimensions spot-checked in plants with quality 
control setups. Most variables can be eliminated because 
they are insignificant. 

Most engineers agreed that in the ideal organizational 


setup, the quality control department would be direct), 
responsible to the president or general manager, with the 
inspection department under quality control. The qualit; 
control group must have authority to be successful. Hoy. 
ever, it also must have the cooperation of inspection an¢ 
time study. 

In a small operation, one operator may maintain qualit; 
control with chart containing manufacturing limits. |, 
a large plant a quality control group was said to be in order 


Surface Finish 





Left to right: H. J. Griffing, Norton Co., F. R. McFarland, Packard 

Motor Car Co., Panel Leader C. R. Lewis, Chrysler Corp., R. P. Trow- 

bridge, Research Laboratories Division, GMC, E. J. Abbott, Physicists 
Research Co., and C. L. Stevens, Ford Motor Co. 


Based on reports by John J. Bush and James D. Cannon 


Factors influencing surface finish, its effect on perfor- 
mance of parts, and ways of measuring it were accented at 
the all-day panel session. 

Production men agreed that four basic factors affect 
surface finish. 

1. Profile and irregularities of the tool itself, 

2. Progression of the tool (speed of tool movement with 
respect to movement of the part being machined), 

3. Built-up edge left by tool on surface, determined by 
form of chip the tool cuts, and 

4. Tool chatter. 

It was said that speed of dressing the grinding wheel anc 
speed of the wheel driving operation can vary the rough- 
ness range. Experience has shown that while two groups 
of parts may be within the same roughness range, on 
group will have a longer life because of different grindin: 
speeds and wheel dressing speeds used. 

Type of surface finish is important to life of the too 
itself, it was reported. A top-of-tool finish of 10 to 2( 
microin. provides greater tool life than 30 microin. or above 
Surface finish of the side of the tool exerts some influence 
on tool life, although not as much as top finish. Some 
claimed that finishes below 5 microin. give no appreciable 
increase in tool life over those greater than 10 microin. 

Rough finish of the part promotes fast initial wear during 
operation, most engineers agreed. With a smooth finish 
between mating parts, clearance must be increased to in- 
sure correct final running clearance. By the same token 
relatively rough mating parts require a reduced initia 
clearance to end up with the same final operating clearance 
after initial wearing as with smooth initial finish. 

Advantage claimed for rough surface finish is that it a! 
lows parts not in good alignment to wear in better. I! 
prevents localized scoring. But with too rough a surface 
finish, pieces will break off and act as an abrasive. Fo! 
this reason a balance between a rough and smooth surface 
was recommended. The better the alignment, the smoother 
the finish that can be used. 

In many cases a specific roughness range for one or bol! 
parts will extend operational life, it was brought out by 
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examples cited. For instance, if running on a soft material, 
nar steel should be quite smooth—about 10 to 20 microin. 
Finis) also must be tied in with the accuracy available. 
finish on an inaccurate part can be detrimental 
since 2 rougher finish would permit better breaking in. 
Researchers noted that while laboratory tests show that 
‘her surfaces perform better from a lubrication stand- 
point, these results are not corroborated in the field. 
factors such as misalignment, dimensional ac- 
‘curacy, and design errors. 

Among the types of surface finish measuring instruments 
jiscussed were the profilometer and Brush. Both instru- 
ments were said to give adequate indications within the 
-ange for which they are intended—Brush up to 0.005 and 
the profilometer up to one-thirty second spacing from 
peak-to-peak of irregularities. Optical methods of ob- 
serving surface finish could easily be misleading, it was 
said, due to difficulty in visualizing true irregularities; 
light is reflected only from faces in the direction of the 
light. 

Another means of measuring surface profiles, the taper 
section method, provides magnification of up to 25 in the 
oeak-to-valley direction, with more in the other direction. 
Surface irregularities usually are 10 to 25 (and sometimes 
100) times as wide as they are deep. Taper sectioning was 
declared not adaptable to measuring waviness since the 
widths under this condition are 100 times the depth. 

Measuring method discussions brought word of work 
being done in producing a set of samples which will have 
surfaces of known roughness and simple geometry. It is 
planned that these standard samples be used for inspec- 
tion as a means of correlating different readings derived 
from various instruments. 

Means of measuring the waviness which goes hand in 
hand with nonuniformity of surface finish, are not avail- 
able, although recently equipment has been developed and 
much work is planned on this phase of the problem. A 
finish producing large deflections on an RMS meter is 
wavey. This condition stems from lack of rigidity during 
machining or grinding. 

Production men told design engineers that the object of 
a surface specification is to describe the finish desired, not 
how to obtain it. They find it undesirable to use a symbol 
or means of dictating type of finishing method on the 
drawing or specification to get the required finish. 


Recent Developments in Heat Treating Processes 





Left to right: Harold Bates, Fairfield Mfg. Co., A. W. Herbenar, Ohio 
Crankshaft Co., C. F. Joseph, Central Foundry Division, GMC, O. E. 
Cullen, Surface Combustion Co., Panel Leader R. G. McElwee, Vanadium 


Corp. of America, Walter E. Peterson, Gorham Tool Co., E. H. Stilwill, 
Dodge Division, Chrysler Corp., and L. B. Rosseau, Ajax Electric Co. 


Based on report by Neil L. Thompson 
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Inherent economies of salt-bath heat-treatment and in- 
duction heating are leading to new applications of these 
methods, production men revealed. Lowered costs also 
proved to be a strong argument for little-used heat-treat- 
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ment of gray iron castings, while heat-treating atmos- 
pheres were said to provide the controls necessary for 
production line heat-treatment. 

Advantages of a salt bath over radiantly-heated furnaces 
cited by one specialist are two-fold. First, all work im- 
mersed in salt is completely sealed from the air so that no 
scale is possible. Second, its effect on the surface of the 
work can be controlled. 

Salt bath furnaces also were said to meet automotive 
industry specifications for heat-treating facilities. Here’s 
how: The extremely high heating rate permits large pro- 
duction units per square foot of floor space. Installed 
cost per unit of production is low, often the lowest avail- 
able. Salt baths drastically reduce distortion caused by 
heat-treatment. “Savings in finishing operations greater 
than the total cost of heat-treatment are possible,” claimed 
one engineer. 

Accurate temperature control also is provided. The 
furnace easily can be held to +5 deg in any portion of the 
bath. And it is impossible to overheat the work, no matter 
how long it may be soaked at furnace temperature. 

Some of the heat-treatment jobs being done with the 
salt-bath furnace are cyaniding, carburizing, austemper- 
ing, cyclic annealing, neutral hardening, and bluing. New 
uses now being perfected will extend the utility of this 
method in automotive production, its advocates predicted. 

Using high-frequency energy in forging work was said 
to accelerate heating, which minimizes scaling. This re- 
duces scaling loss and cleaning costs, permits closer toler- 
ances, and extends die life. Induction heating also was 
shown to save start-up costs as well as those during down 
time. Induction equipment costs about the same to install 
as that for high-speed gas. But operating costs run $4 to 
$5 per ton for induction hardening as against $3.50 per 
ton for gas hardening. 

However, induction equipment requires less floor space 
and is more readily adaptable to automatic operation, an 
advantage which has accelerated its use in forging. Most 
prominent advantage cited for induction heat in heat- 
treatment is in selective hardening. 

Still in its infancy, induction hardening is growing 
rapidly, according to new uses reported at the session. 

Chief gain from annealing gray-iron casting was shown 
to be improved machinability. Reason: it eliminates com- 
pletely both pearlite and formation of a ferritic matrix. 

While some considered such annealing expensive, others 
declared it doubled output of certain machines in some 
cases because of the improved machinability. Tool life 
on some jobs was reported tripled. By reducing tool main- 
tenance and tool costs, annealing gray iron castings more 
than pays for itself, a foundry man said. Although cast- 
ings may be machined without annealing, it was deemed 
essential for high-speed machining. 

To break down the chilled edge on a cast-iron part, it 
was recommended that the part be heated to 1650F for 
one-half hour, or as long as required by the analysis of the 
material. It also is possible to remove chilled corners 
of alloy castings and still retain pearlitic structure for 
physical properties. Method prescribed here is to go to a 
temperature high enough—about 1700F—to break the 
carbide. 

Desire for control of the end product in heat-treatment 
largely has been satisfied by protective atmospheres. They 
permit heat-treating on a production line basis, with con- 

trol comparable to the most exacting laboratory techniques. 

Typical of such atmospheres is the endothermic base gas 
described, used for homogeneous carburizing. This proc- 
ess is particularly adaptable to thin-section materials. By 
using low carbon steels, the parts can be formed with mini- 
mum press loads and fewer intermediate annealing opera- 
tions. After forming, the parts are heat-treated in an 
atmosphere of correct carbon, carbon content of the steel 
is raised to the desired amount throughout the entire 
cross-section. It is possible to control steel carbon content 
within +3 points of the desired amount. 


61 








Facts for 


On 


BASED ON PAPER® BY Harvey H. Earl Superintendent of Motor Equipment 


United Parcel Service 


FFICIENT truck and bus cleaning hinges on three 
factors—cleaning material, technique, and equip- 
ment. Knowing the nature of the dirt to be removed 
and type of vehicle finish sharpens judgment in 
selecting the right combination of these elements 
for the job. 

Contaminants which deposit on vehicles vary with 
the area of operation and fall into two classes: dry 
and sticky. 

Dry material consists of dust, fly ash from chim- 
neys, and other airborne particles. Static electrical 
attraction may play a part in these deposits. In 
areas with light traffic and little industrial activity, 
this dirt is the major problem and can be dusted off 
in dry weather. 

Many operators find that no chemical cleaner is 
required to remove this material, even when com- 
plicated by rain and mud. An ordinary cold-water 
wash will suffice. An interesting experiment would 
be to try a reverse static charge to repel this dust 
from the surface at the end of each day. 

Sticky materials are generally soot, finely-pow- 
dered rubber, oil, grease, insoluble metallic soaps 
from detergent oils, rusty runs and drippings from 
elevated structures, dried-up bugs, and so-called 
traffic film from condensed exhaust fumes. To these 
have been added deposits from salt used on streets 
for snow and ice removal. Removing some types of 
sticky dirt from the vehicle calls for something more 
than a cold-water wash. 

In addition to dirt, the fleet man must cope with 
vehicle finish in the cleaning operation. Chemical 
composition of synthetic finishes gradually weather. 
Drying oil in enamels is subject to continuous and 
progressive oxidation. Infra-red rays in sunlight 
accelerates this process. Polymerization of the resin 
also is a factor in aging. 

While a good wash will remove dry surface con- 
taminants and even many sticky ones, there is no 
assurance nothing is left behind. Sudden influx of 
rinsing water into that suspension of dirt and clean- 
ing solution on a soaped truck, agitated by a brush, 
breaks down that suspension with many cleaners. 





*Paper “Cleaning Commercial Vehicles from the Appearance View- 
point,” was presented at SAE Annual Meeting, Detroit, Jan. 10, 1949. 
(This paper is available in full in multilithographed form from SAE 
Special Publications Department. Price: 25¢ to members. 50¢ to non- 
members. ) 


Result: redeposition of minute quantities of dirt, 
grease, and lime soaps. 

This material becomes noticeable only after many 
washings. Many fleet operators are unaware of this 
and tend to confuse it with traffic or road film, 
which is entirely different. 

Some cleaners cut road scum, but still redeposit 
small quantities of it. A cleaner leaving residual 
scum does not remove it in subsequent cleanings. 
After six months or so they wash on top of their own 
redeposited dirt. 

Two main types of residual scum are the wax-like 
type and the crystalline type. Waxy scum can be 
removed with some good cleaners in one thorough 
scrubbing. But it is almost impossible to remove the 
crystalline type. It can perhaps be done after five 
or six washes with a very strong solution of non- 
redepositing material. 

To test for scum, permit a freshly-washed vehicle 
to dry, wet your finger with saliva, and rub hard. 


Scum Film Protects Paint 


Strangely enough this scummy film may be bene- 
ficial. Greasy dirt film can arrest aging of enamel 
by continuously repelling water; it may have the 
same preservative effect of a coat of wax. Some 
fleet operators, practice this method of preservation. 
Either they have poor washing equipment or they 
intentionally use cleaners which build up a residual 
scum. But this is not recommended for good ap- 
pearance. 

Occasionally an excellent cleaner is condemned 
as a “streaker” because it partially removes residual 
scum. Often the best cleaner no more than dents 
a hard scum and begins by streaking the scum, not 
the paint. This can be tested by rubbing the area 
around the streaks. The whole surface then can be 
cleaned down to the same condition as the streaks. 

A cleaner that removes old residual scum can be 
both blessing and curse—a blessing if it removes and 
keeps off scum without damaging the paint, a curse 
if it is so “efficient” that it destroys the lustre and 
gradually the entire finish. Whether a cleaner is 
one or the other can be determined by applying it 
full strength to a test panel. After washing it off 
you will know if it is or it isn’t a fine paint remover. 

If a cleaner is suitable for a waxed finish, it wi! 
not remove scum or greasy finger marks and will 
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Vehicle Cleaning 


of little use for any other kind of surface. 

For any job, a water solution of vehicle washing 
materials should: 

1. Soak into dirt and soften it. 

2. Dispense solid particles and emulsify oily 
particles when they are agitated. 

3. Hold such suspensions throughout the rinse 
and not redeposit, no matter how great the dilution 
with cold water. 

4. Not harm the finish noticeably, even if applied 
hundreds of times in succession at highest con- 
centrations. 

In choosing the proper cleaning materials it 
should be remembered that general action of these 
cleansers is to reduce surface tension of water—the 
isual medium. This allows it to separate dirt parti- 
cles from the vehicle surface. But this is not enough 
to dislodge completely the dirt from the car surface; 





some mechanical agitation is necessary. Although 
applying the solution and hosing it down removes 
some dirt, this must be implemented by use of 
manual or rotating brushes, or a sponge or mitt 
wielded by hand to get the desired degree of cleans- 
ing. 

Surface friction of washing materials, which 
varies, has some bearing on this mechanical part of 
the cleaning job. Soaps have probably the lowest 
friction. Two advantages are gained with a low 
friction coefficient, or high lubricating quality of 
‘the surface. The lower the friction, (1) the lower 
will be the probable damage to paint by grit embed- 
ded in brushes, and (2) the less will be the effort in 
operating the brushes and the greater the output of 
vehicles cleaned per manhour. 

Six different vehicle washing materials are com- 
monly used, either alone or compounded. They are: 


Fig. 1—This is the five-step vehicle cleaning operation used by United Parcel Service 
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Use Plenty of Water 


‘WET DOWN 





Wet Entire Car with Pressure Hose 
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WASH CHASSIS 





Scrub Wheels, Under Fenders & NOTES 
Use Chassis Soap Mixture & Spoke and Fender Brushes 
Start Left Rear, then Left Front, Right Front, Right Rear.Wheels 
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13 Wash Top, Body, epareide of Fenders, Glass 
j Use Body Soap Mixture & Body Brush 
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Start with TOP, then BODY, GLASS, & WHEELS, UNDERCARRIAGE 
Work around Car to the left, starting at Left Rear 
BE SURE. ALL sOy 1S COMPLETELY RINSED OFF 
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Fig. 2.—A single pipe frame installation for cleaning trucks. Both 
cleaning solution and rinse water can be sprayed through the nozzles 
of this frame by using a three-way valve 


1. Soaps—water soluble metallic salts of fatty 
acids. 

2. Synthetic Detergents—usually organic chemi- 
cals containing a lyophilic as well as lyophobic group 
or chain, having pronounced wetting, emulsifying 
acid dispersive ability. Surface as well as inter- 
facial tension is low. 

3. Inorganic Salts—between a strong base and a 
weak acid. About a dozen different phosphates are 





used, ranging from neutral or slightly acid multiple 
sodium phosphates and potassium phosphates to the 
highly-alkaline trisodium phosphate. 

4. Solvents—to be used only with an insoluble 
surface. Solvent cleaners contain synthetic organic 
emulsifiers so that they can be converted into oij- 
water emulsions by rinsing with water. 

5. Acid Cleaners—based on relatively harmless 
inorganic acids—such as oxalic and phosphoric— 
as well as various organic acids. 

6. Cleaners that leave a wax finish are not really 
cleaners; they leave a residual scum mixed with wax. 

Any type of cleaner is a compromise between 
efficiency and safety. 

For example, take soaps—preferably the soft or 
liquid potash soaps of fatty acids because they are 
more soluble and rinse quicker than hard sodium 
soaps. They are fairly satisfactory and economical, 
except for two drawbacks: (1) hydrolysis and (2) 
scum. 

Hydrolysis increases the activity of alkaline ions 
in aqueous solutions. The toughest enamel can 
be streaked and dulled by hydrolized soap solutions. 


Preventing Scum 


Formation of lime soap during the rinse causes 
scum. While there are now available water soften- 
ers and sequestrants, they cannot be added economi- 
cally in sufficient quantity to prevent all lime soap 
formation in the late rinse stage. Surfaces washed 
with soaps do not dry without water spots. Adding 
a wetting agent to liquid or paste truck-washing 
soaps often remedies this situation. 

Unless fortified by alkalis, by soap, or by both, 
synthetic detergents are less efficient than soaps 
They do a job on frequently-washed and meticu- 
lously-maintained small delivery vehicles in clean 
neighborhoods and are almost universally used for 
passenger cars. All of them penetrate quickly and 
deeply into the surface of new synthetic enamels and 
may be harmful by emulsifying the oil, resins, and 
plasticizers, and by discoloring the pigments. 

Synthetic detergents form organic soaps with the 
resin esters as well as various metallic salts, which 


Fig. 3—Instructing personnel how to arrange cleaning equipment, by displaying this poster in every cleaning booth, helps United Parcel Service 
maintain efficient truck cleaning operations 
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in time leaches out. Often they are quite safe in the 
‘iow concentrations recommended, but not when 
solutions are stepped-up to do tough cleaning jobs. 

Third type of cleaner, inorganic alkaline salts, 
make no suds and are impractical, except with soaps 
yr synthetic detergents. Most of the effective “soap- 
less’ commercial fleet cleaners contain one or more 
ilkaline salts. 

Two main objections to alkalis are: (1) saponifi- 
ation of oil or resin, which results in leaching, and 
2) formation of residual crystals in the paint pores. 
Such erystals often grow unnoticeably until they 
jull the paint film and eventually kill it. 

Solvents, fourth cleaning material, are two-step 
‘leaners. The oil phase dissolves oil in the dirt. 
Then the entire dirt-and-solvent mixture is emulsi- 
fied by the rinse water. Some aqueous cleaners 
contain nonemulsifying, water-miscible solvents. 

Chief disadvantages of solvent emulsion-type 
sleaners on present enamels are their objectionable 
creosote-like odor and that they stain light finishes. 

At present only solvent-type cleaners eliminate 
the surface agitation problem and its attendant 
labor and mechanical expense. But they are ex- 
pensive since they require kerosene or fuel oil 
diluent instead of water. To avoid possible staining, 
solvent cleaners should be followed immediately by 
another rinse with a cleaner water solution. 


Where To Use Acids 


Acid cleaners are not as efficient as the other four 
types for commercial motor vehicles. They are de- 
sirable where unsaponified and nonemulsifiable 
types of dirt occur—such as fine metallic dust in 
steel towns, buried in the paint as rust. Disad- 
vantages of acid cleaners are relative inefficiency, 
eventual corrosion underneath moldings and rivets, 
and destruction of clothes of personnel. 

Method of cleaning the vehicle is as important as 
selecting the right cleaning material. Fig. 1 lists 
the principal physical steps in washing a vehicle. 

With all modern cleaning materials, rinse water 
dries in sheets instead of drops. This eliminates the 
job of chamoising off the rinse water before it dries. 
Only surfaces for which this is not true are chro- 
mium-plated trimmings. They have a peculiar 
characteristic of forming water in drops, despite 
the wetting action of cleaning materials. 

Another thing to remember in car washing is that 
hot water is entirely unnecessary, particularly at 
any temperature over 140F. Too much difference in 
temperature between the washing water and 
painted panels produces excessive expansion dif- 
ferentials between paint and the metal to which it 
adheres, For the same reason vehicles should not 
oe washed when their temperature is below freezing. 
If possible, warm them first in a heated garage. 

Equipment for performing the various cleaning 
perations is given in Table 1. 

For truck and bus fleet cleaning, spray tunnels 

e€ used, of which there are two forms—the single 

ipe frame and the double pipe frame. 

The single frame is equipped with nozzles and a 
“hree-way valve. The vehicle first is driven through 
‘orward with plain water being sent through the 

zzles, as in Fig. 2. Next the valve is turned to 
ray cleaning solution and the vehicle is backed 
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Table 1—Equipment for Washing Vehicles 


Washing Step Equipment 
1. Wetting Down Air and Water Gun 
Hypressure water nozzle 
Spray Tunnel 


Fountain Brush 


2. Applying Cleaning Air and Solution Spray Gun 
Solution Spray Tunnel 
Fountain Brush 
Plain Long-Handle Brush and 


Bucket 
3. Agitating Solution Fountain Brush 
on Surface Hand Brush, Sponge, or Mitt 
Rotary Brushes 
4. Rinsing (Same as for wetting operation) 
5. Chamoising Chrome By Hand 


Plate 


through. Solution on the surface then is agitated 
by hand or rotary brushes. With the spray valve 
turned to plain water, the vehicle is driven through 
forward. 

The two independent frame installation is better 
because it eliminates time lag and solution waste. 
Properly spacing the two pipe frames also can elimi- 
nate the backing operation. Such a tunnel can take 
many forms, including mechanical towing of the ve- 
hicle and rotary brushes to eliminate much manual 
labor. With such a system it is essential that dirty 
solution from the roof be prevented from streaking 
the side panels. 

A recent development of this system consists of a 
double pipe frame with independent nozzles, run- 
ning on channels on each side of the floor. On 
smaller models, a tank of cleaning solution is carried 
on the frame; for larger installations, flexible hoses 
lead from an overhead reservoir. Such a system 
prevents damage to both frames and vehicle, pos- 
sible with the fixed frame. 

Fountain brushes offer probably the simplest and 
fastest form of changing water. They change from 
water to solution and back again with a three-way 
valve. Many washers object to using the fountain 
brush because of the entrained weight of water in 
the brush handle and hose attached. 


Better Brushes Advocated 


Long-handled brushes and a pail form the 
simplest and most popular way of applying cleaning 
solution. Here use of high quality brushes makes 
for economy because of their longer life. Also cheap 
brushes mat down and can injure painted surfaces. 

Another type of equipment offering an economy 
where water is a factor is air and water guns. And 
quick-acting shut off valves will save time in any 
washing installation. Catwalks and galleries from 
which men can reach all parts of the vehicle with 
brushes merit serious consideration. 

Wise selection of cleaning material, technique, 
and equipment are not enough to insure the fleet 
operator of efficient cleaning operations. Men must 
be properly trained and the operation planned and 
supervised. See Fig. 3. 
















British Columbia Group—April 7 


Georgia Hotel, Vancouver, B. C.; din- 
ner 6:30 p.m. Subject to be announced 
—E. L. Cline, manager, Dynamometer 
Division, Clayton Mfg. Co., El Monte, 
Calif. 


Central Illinois—April 25 


Pere Marquette Hotel; dinner 6:30 
p.m. Joint meeting with other engi- 
neering societies of Peoria area. How 
to Retain the Pursuit of Happiness— 
F. A. Faville, President, Faville-LeVally 
Corp., Chicago. 


Chicago—April 12 


Knickerbocker Hotel, Chicago; din- 
ner 6:45 p.m. The New Cadillac En- 
gine—Harry F. Barr, motor engineer, 
and Edward N. Cole, chief engineer, 
Cadillac Motor Car Division, GMC, De- 
troit. 


Cincinnati—April 25 


Engineering Society Headquarters 
Building; dinner 6:30 p.m. Jet Propul- 
sion—Keenan Hanley, Hanley Jet Corp. 


Detroit—April 14 and 18 


April 14—Great Lakes Steel Corp.:; 
Junior Activity field trip, 1:30 p.m. 

April 18—Large Auditorium, Rack- 
ham Educational Memorial; meeting 


MEETING 


AERONAUTIC and AIR TRANSPORT 


and AIRCRAFT Engineering Display 
SUMMER 

WEST COAST 

TRACTOR 

AERONAUTIC and AIRCRAFT 
Engineering Display 

DIESEL ENGINE 

FUELS & LUBRICANTS 


ANNUAL MEETING and 
Engineering Display 





8:00 p.m. Does the Public Get Its 
Money’s Worth From Military Research 
and Development?—Carlton J. Ward, 
Jr., chairman, Board of Directors, Fair- 
child Engine and Airplane Corp. 


Indiana—April 18 


Chamber of Commerce Building, Fort 
Wayne; dinner meeting. High Com- 
pression Engines—Harold N. Metzel, 
assistant chief engineer, Oldsmobile 
Division, GMC. 


Metropolitan—April 21 


Statler Hotel; meeting 7:45 p.m. 
Heavy Duty Diesel Engines—L. F. 
Shoemaker, Buda Co., Harvey, Ill. 


Mohawk-Hudson Group—April 28 


DeWitt Clinton Hotel, Albany, N. Y.; 
dinner 6:45 p.m. My Friend the Engine 
—Stanwood W. Sparrow, vice-presi- 
dent in charge of engineering, Stude- 
baker Corp., South Bend, Ind., and 
president, SAE. 


Philadelphia—April 13 

Engineers Club; dinner 6:30 p.m. 
Meeting 7:45 p.m. Multi-Gearing in 
Transmissions and Axles—Austin M. 
Wolf, consulting engineer. Technical 
chairman: B. B. Bachman, vice-presi- 
dent in charge of engineering, Autocar 
Co., Ardmore, Pa. 


NATIONAL MEETINGS @ 1949 


DATE 
April 11-14 


June 5-10 
Aug. 15-17 
Sept. 13-15 
Oct. 5-8 


Nov. 1-2 
Nov. 3-4 


Jan. 9-13, 1950 
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Pittsburgh—April 26 

Webster Hall Hotel; dinner 6:30 p.m. 
Mellon Institute; meeting 8:00 pm. 
The New Cadillac Engine—Harry PF 
Barr, motor engineer and Edward N. 
Cole, chief engineer, Cadillac Motor 
Car Division, GMC, Detroit. Socia) 
period at Webster Hall, 6:00 p.m. 


St. Louis—April 12 


Parks College of Aero Technology, 
E. St. Louis, Ill.; meeting 8:00 p.m. fol- 
lowing buffet supper and tour of col- 
lege facilities. Five papers on related 
subjects to be submitted at meeting by 
students of Parks Branch; prizes wil] 
be awarded to the three best papers. 


Southern California—April 7 


Rodger Young Auditorium, 936 W. 
Washington Blvd., Los Angeles; dinner 
6:30 p.m. Production Problems on Jet 
Engines—T. S. McCrae, assistant direc- 
tor of engineering, Allison Division 
GMC. 


Southern New England—April 27 
Trinity College, Hartford, Conn.: 
dinner 7:00 p.m. Meeting 8:00 p.m 
Atomic Power for Propulsion of Air- 
craft—Andrew Kalitinsky, chief engi- 
neer, NEPA Project, Fairchild Engine 
and Airplane Co. Technical chairman: 
Richard C. Molloy, executive research 
engineer, United Aircraft Corp. 


Syracuse—April 29 

Drumlins Country Club; dinner 
meeting. My Friend the Engine— 
Stanwood W. Sparrow, vice-president 
in charge of engineering, Studebaker 


Corp., South Bend, Ind., and president. 
SAE.- 


Western Michigan—April 21 

Hackley Art Gallery, Muskegon, 
Mich.; meeting 7:45 p.m. The New 
AO Series Continental Air Cooled En- 
gines As Applied to Truck Use—Car! 
Bachle, vice-president in charge of re- 
search, Continental Aviation and Engi- 
neering Corp. 


Wichita—April 21 

Droll’s Grill; dinner 6:30 p.m. Track 
Landing Gear Development—Jim Wells 
Goodyear, Akron, Ohio. 


HOTEL 
New Yorker, New York 


French Lick Springs, French Lick, Ind. 
Multnomah, Portland, Oreg. 
Schroeder, Milwaukee, Wis. 

Biltmore, Los Angeles 


Chase, St. Louis, Mo. 
Chase, St. Louis, Mo. 
Book-Cadillac, Detroit 


SAE JOURNAL 





EO 





saa ar oa 






Body Design 


Body engineer's functions 


provide steady chances to 


promote teamwork elements 


FROM PAPER* BY 


1. C. Gane 


dent and Director, 


hntanre . 
s Corp 


HEN the design stage of a new line of models has 
been finalized at General Motors, the body engi- 

neer gets under way. Or, rather, he carries to com- 
pletion the job he has been pressing forward simul- 
taneously with the designing—the job of transform- 
ing the thing of beauty into something that can be 
manufactured in large volume—something that pro- 
vides the maximum possible degree of strength 
and usableness with a minimum sacrifice of beauty. 

Now his ultimate success, as he plots the structure 
that underlies the beauty, depends on the coopera- 
tion and follow-through of every single member of 
the body-building team—and so he is a factor in 
promoting and stimulating teamwork. For ex- 
ample: 

Management must know the cost of the new prod- 
uct as it develops. The cost analyst must supply this 
information. The finished job must warrant prices 
that will insure a minimum healthy profit and still 


“Body Design and Production Today” was presented at SAE 
nual Meeting, Detroit, Jan. 10, 1949. (This paper is available in 
tilithographed form from SAE Special Publications Departn 


¢ to members; 50¢ to nonmembers 


APRI 


1949 





be in line with what the customer will pay ..... 
No great pondering is needed to see what a great 
service a good cost department can render the re- 
sourceful design engineer. 

In Fisher Body, we put great emphasis on experi- 
mental engineering. The teamwork between design 
and experimental engineering not only enables us to 
build our jobs better—but, from time to time, it 
points the way to new ideas for improvement of the 
product. 

Tool designing, also, is a most exacting phase of 
our business. Because of the intricacies of modern 
automobile design, fabricating dies are much more 
complicated than they used to be. The same is true 
of assembly tooling. 

Wherever a body part, a brace, a panel, or a piece 
of hardware could be made simplier in design, and 
still do its job equally well, the design engineer has 
a chance to reduce costs, lighten the tooling load or 
remove a production hazard The extent to 
which he understands die making, press work and 
assembly procedures can greatly influence the effi- 
ciency of body-building team-play in this important 
area. 

The same thing holds true in the controlling re- 
lationship between the body engineer and the pro- 
duction and planning people and in his re- 
lationships with the activities of his purchasing 
team-mate in the body building game. 

Another very practical and beneficial interplay 
is that between the service department and the 
design engineer ... and, strange as it may seem, 
the design engineer’s influence reaches, warmly wel- 
comed, even into the affairs of the traffic and ma- 
terial handling departments. 

Great opportunities exist for promoting the team- 
work elements which are inherent in the body de- 
sign engineer’s function. 
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COOK 


JOHN D. WAUGH, formerly public 
relations representative of Metal Prod- 
ucts Division, Koppers Co., Inc., Balti- 
more, and Baltimore Section Field 
Editor of the SAE Journal, has joined 
the staff of Pendray & Leibert, public 
relations counsel, New York City. He 
had been an engineer with Curtiss 
Propeller Division, Curtiss-Wright 
Corp., Caldwell, N. J., and before that 
was overseas with Lockheed. He en- 
tered the aeronautic industry as an in- 
structor at the Curtiss-Wright Tech- 
nical Institute, Glendale, Calif. He 
has presented several SAE papers on 
variable pitch propeller design and 
manufacture. 


PAUL S. REIS has obtained a posi- 
tion as assistant supervising engineer 
with the Electric Storage Battery Co., 
Philadelphia. 


BOWER 





RAGSDALE 


oO. W. YOUNG, general manufacturing 
manager, has been named executive assist- 
ant to the general manager, Buick Motor 
Division of General Motors Corp. He has 
served Buick for more than 40 years. 
E. T. RAGSDALE, assistant chief engineer, 
has succeeded Young as general manufac- 
turing manager. 
formerly a staff engineer in charge of ex- 
perimental engineering, has become assist- 
ant chief engineer under CHARLES A. 
CHAYNE, Buick’s chief engineer. 


Buick Changes 


RICHARD C. COOK, 


RICHARD R. BRIDGE is a junior 
engineer in the experimental depart- 
ment of Fairbanks, Morse & Co., Beloit, 
Wis. 


HARVEY S. FIRESTONE, JR., chair- 
man of the Firestone Tire & Rubber 
Co., Akron, Ohio, left for London on 
March 10 to attend a meeting of the 
International Rubber Study Group, to 
which he was appointed a delegate by 
the U. S. Department of State. He 
will make an inspection tour of Fire- 
stone plants in England, Spain, Switz- 
erland and Sweden, before his return 
in mid-April. 


KENNETH W. TAPKE, who had 
been a designer with Packard Motor 
Car Co., Aircraft Division in Toledo, 
Ohio, is now an engineer with Bendix 
Aviation Corp., South Bend, Ind. 





FISHER 


LLOYD L. BOWER has been appointed chief engi- 
neer of Waukesha Motor Co., succeeding JAMES B. 
FISHER, who recently retired after 35 years of active 


service. 


Bower has been active in the company’s 


engineering department for more than 20 years, and 
was Fisher’s assistant for half that time. 


About 


HUGH P. KANEHL recently became 
superintendent of maintenance for 
Pacific Highway Transport in Seattle, 
Wash. He is a past-chairman of the 
SAE Spokane Inter-Mountain Section, 
past membership chairman of the Sec- 
tion and past co-chairman of the Stu- 
dent Activity. 


J. CARLTON WARD JR., chairman 
of the board of Fairchild Engine & Air- 
plane Corp., spoke on “The Economic 
Consequences of Air Power,” March 7, 
at the Library of Congress National 
Air Council Lecture Series. 


NORMAN E. BRIGGS was recently 
appointed chief test engineer with 
Ranger Aircraft Engines, Division of 
Fairchild Engine & Airplane Corp. 
Farmingdale, N. Y. His previous posi- 
tion was assistant chief test engineer. 


DONALD L. DEREBEY, who was 
recently graduated from Purdue Uni- 
versity, West Lafayette, Ind., is now in 
partnership with the Albany Park 
Service in Chicago. 


NORMAN C. PENFOLD recently be- 
came assistant to the president of the 
Southwest Research Institute in San 
Antonio, Tex. He was vice-chairman 
of the SAE Chicago Section Student 
Activity from 1944 to 1948. 


WILLIAM J. DUNN has been ap- 
pointed vice-president of Thompson- 
Bremer & Co. in Chicago. He was pre- 
viously sales manager of the Hydraulic 
Division of the New York Air Brake Co., 
Chicago. 


H. M. RAMSAY has been transferred 
to the U. S. Tires Division of the United 
States Rubber Co., to supervise farm 
tire sales. He has long been associated 
with the farm tire business and was 
formerly in charge of tractor and im- 
plement tire sales for the company at 
Detroit. He joined the rubber com- 
pany in 1935 as special sales repre- 
sentative and later became Fisk district 
manager at Newark, Baltimore and 
Chicago. He was appointed sales man- 
ager of Fisk tires in 1947. 
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Members 


ADAM F. SMITH has been elected 
president of R. C. Smith & Son, Tor- 
onto, Can., advertising agency. He had 
been vice-president and production 
manager of the firm. Smith was one of 
the founders of the Canadian Section, 
and has long been chairman of its 
publicity committee. 


LAWRENCE P. GIANNETTI re- 
cently joined the Consolidated Air- 
craft Corp. in Fort Worth, Tex. 


L. A. DANSE, supervisor of Materials 
& Processes at General Motors Corp., 
has been appointed a member of the 
Water Pollution Advisory Board by 
President Truman. 


R. T. HOWE has become manu- 
facturing manager for R. G. Le Tour- 
neau Co. of Vicksburg, Miss. 


W. J. JOYCE, JR. is now adminis- 
trator of the Research & Development 
Division for the Wayne Pump Co. in 
Fort Wayne, Ind. 


JOHN A. EGAN has become an auto- 
motive salesman for the Standard Oil 
Co. of Indiana in Saginaw, Mich. He 
had been a detail engineer for Chevro- 
let Motor Co., Flint, Mich. 


T. R. LaVALLEE is now chief en- 
gineer of Dynamatic Corp. in Kenosha, 
Wis. Prior to this connection he was 
an automotive engineer at the Detroit 
Arsenal. 


JOHN L. STEWART, general man- 
ager of the Canadian Automobile 
Chamber of Commerce, was elected 
vice-president of that organization. 


WILLIAM A. WECKLER, president and 
general manager of General Motors 
of Canada, Ltd.; DENNIS CLEMENT 
GASKIN, vice-president and general 
manager of Studebaker Corp. of Can- 
ada, Ltd.; R. J. TELFORD, vice-presi- 
dent and general manager of Reo 
Motor Co. of Canada, Ltd., and E. J. 
COSFORD, general sales manager of 
Canadian Car & Foundry Co., Ltd., 
were elected members of the CACC 
board of directors. 
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LEE DOTY is now manager of fleet sales and 
engineering for Koppers Co., 
American Hammered Piston Ring Department 
has set up a field program under his direction. 
Under this program, trained sales engineers will 
be located at principal fleet basing points to con- 
tact and offer their services to fleet maintenance 
men. Doty is a past chairman of the SAE Balti- 


more Section. 


WALTER D. APPEL has been appointed engi- 
neering vice-president for the new Ford Inter- 
national Co. He has resigned as director of pro- 
curement in charge of all Willys-Overland pur- 
chasing. Appel joined Willys-Overland Motors, 
Inc., in 1946, and previously he had been asso- 
ciated for a number of years with GMC Overseas 


Operations. 


FRANK RIPPINGILLE is now serving on the 
staff of L. A. BIXBY, vice-president in charge of 
engineering, Clark Equipment Co. in Buchanan, 
Mich. For the past 8 years he has been a de- 
partment head at the Research Laboratories 
Division, General Motors Corp. in Detroit. 


GEORGE E. STOLL 
and LAWRENCE A. 
HYLAND have been 
elected vice-presidents 
of Bendix Aviation 
Corp., MALCOLM P. 
FERGUSON an- 
nounces. Stoll con- 
tinues as general man- 
ager of Bendix Prod- 
ucts Division, South 
Bend, Ind. Hyland, for- 
merly executive engi- 
neer of the company, 
will be in charge of re- 
search. 


69 


DUFF GREEN, JR., who had been 
district service representative for 
Kaiser- Frazer Sales Corp., is now serv- 
ice manager of Shackleford Motor Co 
Forrest City, Ark. 


RALPH J. HERRINGTON is owne! 
and chief engineer of the Supreme 
Motor Co. in St. Paul, Minn. Prior to 
this post he was chief engineer of the 
Champion Motor Co. for 14 yrs. 


CHARLES HENRY PETTIS has be- 
come investigator of engine failures in 
the Service Department of Pratt & 
Whitney Aircraft, Fast Hartford, Conn 


JACK EDWARD FLEISCHLI, form- 
erly sales engineer of Continental 
Motors Corp., Los Angeles, has ac- 
cepted a similar position with the 
Chain Belt Co. in Milwaukee. 


Inc. Koppers 








STOLL 


HYLAND 

















HANS A. BOHUSLAV was recently appointed 
chief engineer of engine construction for R. G. 
LeTourneau, Inc., with headquarters in Long- 
view, Tex. He was previously vice-president of 
engineering and production at Engineering Con- 
trols, Inc., Los Angeles. Bohuslav is a past vice- 
chairman of the SAE Northern California Diesel 
Engine Activity and is now a member of the 
Diesel Engine Activity Committee. 


D. R. STAMY has resigned as vice-president in 
charge of engineering for the Standard Products 
Co., Detroit, to become vice-president and sales 
engineer with Tool Industries, Inc., same city. 


P. W. PLACE was recently appointed general 
service manager of the Superior Engine Division 
of the National Supply Co., Springfield, Ohio. 
He was recently employed as field engineer and 
previous to that was test engineer with the same 
company. 


ARTHUR COX has been appointed technical 
consultant in body design for Crosley Motors. 
Prior to this post he was assistant chief engi- 
neer for the Hayes Mfg. Corp., Grand Rapids, 
Mich., and previously was chief draftsman for 
the Murray Corp. of America and assistant chief 
body engineer at Kaiser-Frazer. 





WILLIAM L. BATT, president of 
SKF Industries, Inc., has announced 
the formation of a national committee 
to further public understanding of the 
“urgent need” for freer world trade 
and to bring about U. S. participation 
in the International Trade Organiza- 
tion. He will serve as chairman. 


LEWIS C. KIBBEE has joined the 
staff of the American Trucking As- 
sociations, Inc., as assistant to HOY 
STEVENS, chief of the Equipment and 
Operations Section. Kibbee had been 
with Mack Mfg. Corp. for four years, 
testing trucks, buses and fire appa- 
ratus in the firm’s experimental engi- 
neering laboratory at Allentown, Pa. 


FRED. W. GEROW, formerly with R. 
C. Mahon Co., is now with the Detroit 
Arsenal as automotive engineer in 
charge of research and. development. 


H. E. SIMI has established an office 
at Bellevue, Wash., (near Seattle) 
where he is engaged in engineering and 
sales of transportation equipment. He 
is a past SAE Vice-President for Truck 
& Bus Activity and was chairman of the 
Cleveland Section for 1936-1937. 


Cont. on p. 95 
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JOSEPH P. BUSHER 


Joseph P. Busher, Detroit repre- 
sentative for the Ackermann Mfg. Co. 
and the Wheeling Corrugating Co., and 
special representative for C. Cowles & 
Co., passed away on Jan. 28, at his 
home in Euclid, Ohio. He was 61. 

Busher was connected with the two 
subsidiary companies of Wheeling 
Steel Corp. for 17 years, and for the 
past several years he had his head- 
quarters in Detroit. Previously he was 
connected with Geometric Stamping 
Co., Cleveland, as vice-president and 
general manager. During his early 
years he was associated with the Pat- 
tison Supply Co., the Cleveland Metal 
Products Co. and the American Steel 
& Wire Co. 
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Obituaries Cont. 


A. V. D. WILLGOOS 


Andrew V. D. Willgoos, chief engineer, 
of Pratt & Whitney Aircraft, dieg 
March 1 of a heart attack while shovel. 
ing snow from the driveway of his home 
in West Hartford, Conn. He was 60. 

He was born on a farm near New 
Brunswick, N. J., the son of a British 
tool maker, and built a steam cycle car 
at the age of 13. 

Upon leaving high school at 17 he 
worked for several engineering and 
manufacturing companies before join- 
ing the Simplex Automobile Co., New 
Brunswick, where he was associated 
with the late Dr. George J. Mead, a 
co-founder of Pratt & Whitney Air- 
craft, and the late Donald L. Brown, 
who became president of the parent 
concern, United Aircraft. 

Willgoos was the chief design en- 
gineer of the Wright-Martin Aircraft 
Corp. during World War I, and worked 
on the development of the French 
Hispano-Suiza aircraft @ngine. He 
helped organize and became assistant 
chief engineer of Wright Aeronautical 
Corp. 

In 1925 he was apptointed chief en- 
gineer of Pratt & Whitney Aircraft. 
He joined the Society in 1920, and was 
elected vice-president for Aircraft En- 
gine Engineering for the 1933 term. 


GEORGE A. GREEN 


Col. George A. Green, former vice- 
president of General Motors Corp. in 
charge of the GMC Truck & Coach 
Division, died in his Miami Beach 
home Feb. 21. He became ill in Janu- 
ary while in Paris where he was serv- 
ing as assistant director for industry 
for the Economic Co-operation Ad- 
ministration. He was 66. 

Born and educated in Australia, he 
began his automotive engineering 
career in London with Thornycroft and 
Vanguard, and when those and other 
companies merged to form the London 
General Omnibus Co., Green became 
chief assistant engineer. 

He was appointed general manager 
of the Brussels General Omnibus Co. 
in 1911, and served as colonel in the 
British Tank Corps in World War I. 
From 1919 to 1922 he was vice-presi- 
dent of the Fifth Avenue Coach Co., 
New York City, then became vice- 
president of the Chicago Motor Coach 
Co. and Yellow Truck Mfg. Co. before 
their plants became a part of General 
Motors Corp. 

Green was a member of the SAE 
Ordnance Advisory Committee, was 
Lend Lease Administrator in London, 
attended the Paris Peace Conference 
as a technical advisor, was a consultant 
on transportation problems for the 
Liberia Co. and received the Military 
Cross in June, 1918. He joined the 
Society in 1912. 
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SAE F & L Projects Cover 
Wide Cooperative Program 


IAISON with allied standardizing bodies and in- 
terested manufacturers continues to play a 
leading part in the SAE Fuels and Lubricants Com- 
mittee’s broad program. Some of the Committee’s 
new and existing jobs and the groups with which 
it is working are: 

1. Standardization of gear lube-change periods 
—oil refiners and car manufacturers, 

2. Dip stick standardization—oil refiners and 
car manufacturers, 

3. Study of 5W winter grade oil—CRC, 

4. Revision of recommended practice on knock 
rating—ASTM, 

5. Increasing maximum Reid vapor pressure of 
Winter grade gasoline—ASTM. 

Apparent desirability of standardizing drain 
(change) temperatures for transmission and dif- 
ferential gear lubricants stems from the variation 
in recommendations of car manufacturers as to 
when to change to winter and summer grades. At 
present changes in gear lubricants from SAE 90 to 
SAE 80, and vice versa, are being recommended at 
temperatures between 32 F and -10 F for various 
passenger cars. 

Feeling of the Committee is that the tempera- 
tures chosen to switch from a heavier to a lighter 
grade lubricant might be brought more into line 
to help in relubrication periods. J. D. Klinger, 
Chrysler Corp., has been appointed to head up a 
group to study the problem and to submit a pro- 
posal. 

On the dip-stick problem, automotive and oil in- 
dustry engineers feel something should be done 
about relieving the confusion in the field because 
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of wide differences in dip-stick mark- 
ings. They point out that commercial 
designs of engine-oil dip sticks vary 2s 
to method of marking, particularly as 
to the important levels of “when to 


refull” the crankcase and when the 
crankcase is “full.” 

A subcommittee, headed by H. C. 
Mougey, General Motors Corp., will 
prepare a report for eventual submis- 
sion to the SAE Technical Board point- 
ing out: (1) existing differences in dip- 
stick design, (2) desirability of uni- 
formity, and (3) that dip-stick mark- 
ings be studied and standardized by 


Assets 
Cash 


Miscellaneous Assets 
Total 


Liabilities and Reserves 


Accounts Payable 
Deferred Income 
General Reserve 


Total 





Operating Statement for Year Ending Dec. 31, 1948 


Income 


Contributions: 


American Petroleum Institute 
Society of Automotive Engineers 
Account Sulfur Project .... 


Other ... 
Military contracts accrued 
Other income 


Total 


Expenses 


Coordinating Fuel & Equipment Research Committee: 


Motor Fuels Division 
Aviation Fuels Division 
Diesel Fuels Division 


CRC Financial Statement 
The Annual Balance Sheet and Operating Statement of the 
Coordinating Research Council, Inc., of which the American 
Petroleum Institute and the Society of Automotive Engineers 
are the Sustaining Members, follows: 
Balance Sheet as of Dec. 31, 1948 


Accruals and ‘Accounts Receivable 
U. S. Savings Bonds (Cost) 


an appropriate engine or parts tech- 
nical committee. 

In the crankcase oil area, the SAE 
Committee also is following closely the 
work of the Coordinating Research 
Council’s CLR group on oils lighter 
than SAE 10. Winter tests have been 
run by the CLR group and if is now 
collecting and correlating wear and oil 
consumption data on the 5W oil. SAE 
is mainly interested in the problem 
from the standpoint of viscosity classi- 
fications. 

Among the fuels projects under con- 
sideration by the SAE Fuels & Lubri- 


$ 62,818 
26,499 
59,200 

1,236 


$149,753 


$ 13,112 
16,761 
119,880 


$149, 753 


$ 25,000 
25,000 
23,239 





1,000 
61,844 
3,666 


$139,749 


. $ 42,241 
27,230 
4,094 


Coordinating Lubricant & ere Research Com- 


mittee ... 
Military Projects 


Total 


Net Income for Year .. 
General Reserve, Jan. 1, 1948 


General Reserve, Dec. 31, 1948 


11,518 
45,319 


$130,402 


$ 9,347 
110,533 


$119,880 
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cants Committee is the revision 4; 
the SAE Recommended Practice op 
Method of Rating Fuels for Detonation 
It is planned to add to this recom. 
mended practice the so-called Re. 
search Method. At present, only the 
Motor Method is included. 

At the request of ASTM Committee 
Technical Committee A on Gasoline 
the SAE group has undertaken another 
fuels problem—to gather data ang 
make recommendations 9on the pos- 
Sibility of increasing the maximum 
Reid vapor pressure of the W grace 
gasoline in ASTM D439-40T from 13: 
to 15 psi. 

In assembling data on this problem 
it was found that in one particular 
case, 100 vehicles and 50 stationary 
powerplants operated successfully on 
15-psi vapor pressure gasoline during 
the winter of 1947-1948. Part of tha: 
time the temperature exceeded the 
55 F average maximum temperature 
anticipated in the ASTM specification 
for the calendar periods involved 

It also was found that a fleet opera- 
tor met with no difficulty running his 
equipment in northwest areas on fuels 
having vapor pressures as high as 15 
psi. 


Ladd Field Unsuited 
For Cold Tests 


BSERVERS reported in “Analysis o! 

Results of AAF-CRC Fuel Volatility 
Test Program, Winter 1946-47, Sept 
15, 1947, revised April 5, 1948” that 
facilities at Ladd Field, Fairbanks 
Alaska, were inadequate for volatility 
and recommended that Elgin Field's 
cold weather test hangar in Florida be 
used in the future. 

Furthermore, the report suggested 
development of an instrument to re- 
cord both the coolest and hottest 
running cylinders of aircraft engines 
at all times, or at frequent intervals 
because cylinders tend to exchang« 
positions in the head temperature 
pattern. 

This report, CRC-230, has 44 pages 
including charts, and is 84x11 in 
Price: $2.00 to SAE members, $4.00 t 
non-members. Available from the SAI 
Special Publications Department, 2° 
West 39th St., New York 18, N. Y 


1945 Desert Storage 
Gasoline Stability 


EINHIBITING deteriorated gasolin 
which has been in prolonged fiel¢ 
storage is not safe practice, accordin? 
to a report recently released by the 
Coordinating Research Council. Th! 
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escribes extension of similar 


wre made in 1943 and 1944, and is 
‘itled Report on 1945 Desert Storage 
Testi Stability of 80 Octane Number 


\]] Purpose Gasoline, Sept. 18, 1946.” 
The report points out that in fuels 
where significant gum formation has 
prior to reinhibiting, gum * 
-ontent will continue to increase at a 
‘aster rate than would be indicated by 

-he induction period. 

However, borderline stability can be 
»btained by reinhibition where little 
yr no increase in gum content has oc- 
-urred during field storage. 

Comparative data are given on com- 
mercial anti-oxidants to show their 
effectiveness in providing protection 
izainst gum formation. 

The copper dish gum method proved 
to be of little value because of ex- 
tremely poor inter-laboratory repro- 
jucibility with several of the test fuels. 

One fuel which had been contacted 
vith a pipeline corrosion inhibitor 
showed a marked decrease in induc- 
tion period during transit and formed 
excessive gum in storage. 

This report, CRC-226, has 16 pp of 
text and 17 full page tables; 8% x 11 in. 
Price: $2 to SAE Members, $4 to non- 
members. Available from the SAE 
Special Publications Department, 29 
West 39 Street, New York 18, N. Y. 
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1945-46 AAF-CRC 
Volatility Tests 


N all four of the instrumented air- 

craft used for a series of volatility 
tests, differences in performance at 
ow carburetor air temperatures were 
ietected with fuels of different ASTM 
0% and 90% distillation temperatures, 
1 report recently released by the Co- 
rdinating Research Council disclosed. 

This test work with a Douglas A-26B, 
Fairchild C-82, Boeing B-29, and Lock- 
need C-69 at Ladd Field, Fairbanks, 
\laska, is reported in “Analysis of Re- 
sults of AAF-CRC Fuel Volatility Test 
Program, Winter 1945-46. —March 12, 
1948; revised May 24, 1948.” 

When the lowest temperatures in the 
ntake systems were reached, all air- 
‘raft were most affected by changes in 
fuel volatility. 

The lightest and heaviest fuel tested 
showed no difference in engine per- 
ormance upon accelerating to full 
throttle after a normal 2000-ft descent 
at low carburetor air temperatures. 
furthermore, no roughness or back- 
‘tring was ever detected in these tests. 

This report, CRC-229 has 33 pages, 
neluding 15 test data sheets, and is 
342% ll in. Price: $2.00 to SAE mem- 
ers, $4.00 to non-members. Available 
‘rom the SAE Special Publications De- 


——— 29 West 39th St., New York 
6, N.Y. 
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—Technishorts-——. 


SPARK PLUGS: The SAE Standard for spark-plug screw threads and 
tapped holes will be expanded in the 1949 SAE Handbook. These four new 
sizes have been added: (1) 14-1¥% mm, (2) 10-1 mm, (3) %-in.- 24, and 
(4) ¥-in.-32. Screw threads for the %-in.-18 and 18-1.5 mm plug 
sizes, currently in the Standard, have been made consistent with the 
Unified Screw Thread System. 


TRAILER COUPLINGS: A third size has been added to the SAE Recom- 
mended Practice for passenger car trailer couplings. In the old Recom- 
mended Practice there was one size for trailers under 5000 lb and another 
for trailers over 5000 lb. In the revised version, the coupling sizes are: 
No. 1, for trailers weighing no more than 2000 lb; No. 2, for trailers 
weighing from 2000 to 5000 lb; and No. 3, for trailers with a gross weight 
of 5000 to 10,000 lb. It is felt that the revision introduces a smaller, 
lighter hitch that will be less costly. 


RIDE COMFORT: Exposing people to controlled vibration is a part of a 
Navy program to develop protection against such mechanical forces, Dr. 
D. E. Goldman, Naval Medical Research, recently reported to the SAE 
Riding Comfort Research Committee. He said that good instrumentation 
and equipment is a real need in this work. Other Committee discussions 
of ride comfort related to human physiological factors revealed the fact 
that deaf-mutes do not get sea-sick because they have no semicircular 
canals in their heads. 

















You'll Be Interested to Know-—--- 


SAE PAST-PRESIDENT W. S. JAMES represented the Society at 
Massachusetts Institute of Technology’s International Mid-Century 
Convocation on the Social Implications of Scientific Progress—and at 
the inauguration of the Institute’s 10th president, Dr. James R. 
Killian, Jr., on March 31, April 1 and 2. 


FIVE NEW MEMBERS have been named to the seven-man SAE 
Beecroft Traffic Safety Engineering Lecture Committee for 1949. 
Chairman Pyke Johnson, representing SAE, continues as does Com- 
mittee Member H. S. Fairbank, representing the Public Roads Ad- 
ministration. New members have been appointed representing the 
other five organizations involved, as follows: M. C. Conner, American 
Association of Motor Vehicle Administrators; C. W. Brown, American 
Association of State Highway Officials; R. P. Fohey, Automobile 
Manufacturers Association; Norman C. Damon, Automotive Safety 
Foundation; and Edward J. Kelly, International Association of Chiefs 
of Police. 


CHARLES FROESCH, Eastern Airlines, Inc., succeeds the late W. J. 
Blanchard as one SAE representative on the Daniel Guggenheim 
Medal Board of Award. He will complete Blanchard’s unexpired term 
and then continue as an SAE representative for a complete term of 
three years. 


THE NATIONAL MEMBERSHIP COMMITTEE, at a recent meeting, 
heard Committee Member L. J. Grunder’s computation that the cost 
of SAE membership is about equal to any one of the following: one 
parking lot charge per week; two gallons of gasoline per week; one 
quart of oil per week; one cup of coffee per day; or three packages 
of cigarettes per week. 


FORT WAYNE is to have its first SAE meeting on April 18. Details 
of this Indiana Section-sponsored event will be found in the Coming 
Events column, p. 79. Warren Berkley, American Steel Dredge Co., 
is Fort Wayne chairman for the meeting. 
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Fig. 1—Essential feature of this flexible supercharger drive is the quill shaft, which acts as 
a soft torsional spring 














Ways To Cut Vibration Of Supercharger Drives 


Hc} 


D. B. SHOTWELL 


EVELOPMENT of a satisfactory me- 
chanical supercharger drive is es- 
entially a vibration problem, as illus- 
trated by the design in Fig. 1. Job here 
is to prevent large deflections and re- 
sulting high stresses which occur at 
resonance. This can be done in three 
ways: 
1. Limiting motion mechanically. 
2. Keeping critical speed of super- 
charger system slightly below idle. 

3. Using an over-running clutch in 
series with the quill shaft. 

Most straightforward method of solv- 
ing the problem is to limit the motion 
mechanically with mechanical stops. 
One form this method can take is non- 
linear cantilever spring packs, as shown 
in Fig. 2. These springs come into ac- 
tion when deflection of the quill shaft 
exceeds a predetermined amount. 
They mechanically limit the quill shaft 
stresses. 

The second method involves further 
consideration of the crankshaft motion 
which excites the supercharger system. 
Resonant torsional vibration of the 
crankshaft occurs at the natural fre- 
quency of the crankshaft system. For 


Fig. 2—Method of limiting 
supercharger drive stresses 
shown here consists of non- 
linear cantilever spring packs 





the particular engine in question, this 
Was about 100 cycles per sec. It is 
not difficult to provide a quill shaft 
soft enough that the natural frequency 
of the supercharger system will be be- 
low 100 cycles per sec. 

Real difficulty arises because of the 
oscillating motion of the crankshaft 
resulting from cyclic irregularity. This 
motion is distinguished from torsional 
vibration in that it does not involve 
vibration or twisting of the shaft; it is 


Fig. 3—Typical curve of ampli- 
tude of motion of crankshaft 





AMPLITUDE OF CRANKSHAFT 


rather a rolling motion of the enti, 
crankshaft system caused by accelers. 
tion of the crankshaft system as egg) 
cylinder fires. 

This effect is most pronounced 
engine speeds below idle, and falls of 
rapidly as engine speed is increase; 
See Fig. 3. 

Second method of reducing qyjj 
shaft stresses at resonance with engin, 
cyclic irregularity is to provide a qyjj 
shaft of such dimensions that critic; 
speed of the supercharger system occu; 
at a speed slightly below idle. At this 
point excitation resulting from crank. 
shaft cyclic irregularity is at a mini. 
mum. 

Third method of limiting stresses a; 
resonance consists of using an over- 
running clutch in series with the quil] 
shaft, as shown in Fig. 4. The over- 
running clutch permits application of 
torque in one direction only and true 
resonance at low engine speeds n 
longer is possible. Instead the system 
acts essentially as an elastic system 
subjected to consecutive, suddenly- 
applied loads. Experience has shown 
this method to reduce quill shaft 
stresses considerably. 

Performance of such a supercharge! 
drive also could be improved sub 
stantially by damping. Damping re- 
duces amplitudes of motion at reson- 
ance. But difficulties with attempts t 
introduce: damping are entirely me- 
chanical. 

Using dry friction immediately pos 


CYCLIC SPEED VARIATION 


TORSIONAL VIBRATION 








z 
© 
% 
front end, considering both ij 
cyclic irregularity and torsional = 
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ENGINE SPEED 


Fig. 4—Another way o 
limiting supercharger drive 
stresses at resonance is fo 
use an over-running shaft 
in series with the quill shaft 
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‘blem of wear. Damping devices 
ing viscous friction are tough 
ion for several reasons. First, 

space limitations are likely to 
‘icate the design. Second, high- 
ty silicone fluids offer fluid fric- 
.s a damping. source; but these 
os have the strange combination of 
hi iscosity and low surface tension 


so that the sealing problem is serious. 


Paper “Mechanical Supercharger 
Drives,” was presented at SAE Central 
Illinois Section, Peoria, Jan. 5, 1948. 


This paper is available in full in mime- 
ocraphed form from SAE Special Pub- 


lications Department. Price: 25¢ to 
members, 50¢ to nonmembers.) 
Automotive Turbine 
Prospects Are Good 
n paper by 
E. B. KEREKES 
Elliott Co 


LTHOUGH we should not expect 

automotive gas turbines in produc- 
tion cars, buses or trucks within the 
next few years, enough success has been 
achieved with this type of prime mover 
for stationary, locomotive, and marine 
use to indicate ultimate achievement. 


The gas turbine’s efficiency and tor- 
que characteristics can equal those of 
diesel engines, and its part load effi- 
ciency and flexibility are at least as 
good or superior. Requiring no cooling 
system or any reciprocating elements, 
its maintenance cost should be lower. 

Much progress has been made in 
burning Bunker C oil, which is less ex- 
pensive than diesel fuels. Development 
work is now under way on burning 
powdered coal, and such a locomotive 
turbine is being built now. 


Engineering and manufacturing 
problems largely hinge around high 
temperature operation, and long serv- 
ice at high temperatures. Development 
work is hampered because gas turbine 
engineering is moving constantly into 
many heretofore unexplored territories 
of engineering science. 

Gas turbines that run over 90% effi- 
cient and compressors over 85% effi- 
cient present a challenge to engineers. 

Gas turbine development for road 
vehicles has been rather slow because 
of these difficulties: 


* To stay within the weight and size 
range practical for automobiles, trucks, 
and buses, a 150 to 160 hp gas turbine 
Should operate from 30,000 to 60,000 
rpm 

Designing satisfactory bearings and 
gears is a major task. 

Fortunately, an automobile engine 
operates only about 1% of its lifetime 
at full power. It is also fortunate that 
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gas turbines lend themselves readily 
to the use of fluid couplings and tor- 
que converters. 

© In the early stages of development 
the automobile gas turbine will be a 
scaled down version of existing success- 
ful powerplants. 

It will be rather difficult to propor- 
tionately reduce clearances. Leakage 
and friction losses in the smaller tur- 
bines and compressors will be higher, 
but they do not appear to be of prohibi- 
tive magnitude. 

® Current mass production methods 
have reduced the costs of reciprocating 
automotive engines to a point where it 
will be hard for gas turbines to com- 
pete in cost. 

Efficient manufacture of turbine 
blades and reducing costs of high tem- 
perature alloy steels appears to be the 
key in this competition. 

® Automobile gas turbines will be 
able to use relatively cheap fuel. 

Because the regenerator can do much 
to improve fuel economy, production of 
small, efficient and lightweight units 
is important. This is yet to be solved. 

This unit usually consists of tubes in 
a housing. The fresh air charge passes 
through the inside of the tubes and 
is preheated from the heat of exhaust 
gases which pass between the tubes. 

Among other Elliott projects, some 
of which may not be disclosed now, is a 
small lightweight and compact gas tur- 
bine on test. It weighs 100 lb, and 
delivers 100 hp. With some modifica- 
tions it probably could be used for 
automotive service. (Paper “Gas Tur- 
bine Developments” was presented at 
SAE Pittsburgh Section, Oct. 26, 1948. 
This paper is available in full in mimeo- 
graphed form, unillustrated, from SAE 


Ways To Save Fuel 


Based on paper by 
A. T. COLWELL 


Thompson Products 


LL available statistics point up the 

logic of getting the most from a 
arrel of crude. There are five major 
methods of effecting a substantial 
economy in the 40 billion gal of fuel re- 
quired yearly for road vehicles. They 
are: 

1. Engine Tune-Up and _ Sensible 
Driving: This includes moderate speed 
and careful stop-start operation. But 
the average driver is not a dependable 
medium for effecting fuel economy. 
A recent test by the Yellow Cab Co. in 
Cleveland, over a 20-mile city route, 
gave the following average results: 
Pressure “cowboy” driving, with rush 
stop-starts, used 73.2% more fuel than 
the average of the “sane” drivers on 
the test and saved only 5 min on the 
20-mile run. 

2. Automatic Transmissions and 
Rear-Axle Ratio: Considerable en- 
gineering progress is being made in 
this area. Reducing rear-axle ratio 
gives economy, but adversely affects 
low-speed performance—a change 
distasteful to the public. 

3. Rolling and Wind Resistance and 
Car Weight: This is a combination 
problem for stylist and engineer. Fig. 
1 shows the effect of both weight and 
speed. When weight is considered as 
the number of ton-miles per gallon, 
the effect is obvious. Wind resistance 
increases as the cube of speed. 








Special Publications Department. 4. Fuel Injection: At present the 
Price: 25¢ to members, 50¢ to non- equipment is too expensive. 
members.) 5. High Compression Ratio: It per- 
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Fig. 1—How car weight affects gasoline economy, maintaining the same 
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mits a smaller engine for the same 


power. High compression ratio also 
uses higher octane numbers more effi- 
ciently, provides a more efficient engine 
at part throttle, and gains up to 40% 
in economy are possible—25% easily 
can be realized. Each advance of 1.0 
in compression ratio requires about 5 
octane numbers of fuel enhancement. 

Two methods have merit for making 
octane number available and using 
them with an efficiency never hefore 
realized in road vehicles—dual-fuel 
systems and antidetonant (alcohol- 
water) injection: At least 25% can be 
added on a ton-mile basis to the motor 
gasoline portion of our oil reserves by 
either method in conjunction with high 
compression ratio engines. 

Each has its advantages and dis- 
advantages; but the disadvantages are 
less technical and more problems of 
merchandising, distribution, and public 
acceptance. (Paper “More Effective 
Uvilization of High Octane Fuels,” was 
presented at SAE National Tractor and 
Diesel Engine Meeting, Milwaukee, 
Sept. 9, 1948. This paper is available 
in full from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 


Tractor Steering Clutch 
Design Items Discussed 


3ased on paper by 


D. W. ERSKINE 
Allis-Chalmers Mfg. Co 


(This paper will be printed in full in 
SAE Quarterly Transactions.) 


ESIGN of a steering clutch for craw- 

ler tractors based on five factors— 
torque capacity, total spring forces, 
mean frictional radius, number of 
friction surfaces, and coefficient of 
friction—will produce a_ long-life 
clutch, capable of delivering enough 
torque for the tractor and special 
equipment mounted on it. This is 
shown by Erskine in the April, 1949, 
issue of SAE Quarterly Transactions. 

He first discusses the effect of these 
factors on the cverall design, showing 
how they influence both design effi- 
ciency and cost. Next step described is 
the determination of clutch efficiency. 

Ratio of torque value of the clutch 
divided by torque required from the 
sprocket or ground minus unity, he 
says, gives an indication of torque life. 
(Paper “Crawler Tractor Steering 
Clutch Design Factors,” was presented 
at SAE Central Illinois Section, Peoria, 
Jan. 5, 1948. This paper is available 
in full in mimeographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to nonmem- 
bers.) 


Analyzes Two Types 
Of Diesel Deposits 


Based on paper by 
H. M. GADEBUSCH 


Detroit Diesel Engine Division 
General Motors Corp. 


NCOMPLETE combustion in high- 

speed diesels develops two basically 
different types of fuel deposits—solid 
carbon particles (soot) and liquid fuel 
fractions. Soot is largely the product 
of incomplete combustion at full throt- 
tle or high-temperature operation; 
liquid fuel fractions occur in increasing 
amounts at low combustion chamber 
temperatures, synonymous with light 
loads and reduced speeds. 

Formation of a small quantity of free 
carbon, the first type of deposit, must 
be considered normal in fuel injection 
engines. It is practically impossible 
to get a perfect fuel-air ratio in all 
corners of the combustion space in the 
fraction of time available for injec- 
tion. Thus a small amount of un- 
burned carbon particles is released 
from over-rich mixture strata, 

Both chilling or burning gases and 
surface combustion of fuel droplets 
condensed on cool walls contribute to 
soot formation. 

Fuel soot in itself is relatively harm- 
less as an engine deposit. Although all 
internal engine parts look dirty, soot 
contributes little to wear and is easily 
burned off, blown out, wiped off, and 
flushed away by the lubricant. 

Soot is essentially a full-throttle or 
high-temperature problem since air 
availability plays such an important 
part in its formation. Unfortunately, 
these are the same conditions under 
which the lube oil is most prone to de- 
posit oxidized residues on all engine 


parts. Varnish-like coatings thus pro- 
duced form a ready receptacle for un- 
burned particles on piston rings, in 
ring grooves, on piston skirts, in air 
intake ports of two-cycle engines, and 
in the crankcase. 

Under normal conditions magnitude 
of soot formation is very small. For 
example, in a 200-bhp engine operated 
at 2000 rpm and full load, only about 
0.004% of the total amount of fuel 
burned was found to pass the pistons as 
unburned carbon. 

But diesels may produce much larger 
quantities of soot if the available ex- 
cess air supply has been exhausted. 
Fig. 1 shows the rapid increase of un- 
burned carbon as the amount of fuel 
is increased beyond a certain engine 
load. 

The same trouble exists if the fuel 
cannot use the available air supply. 
Two different conditions may exist on 
the fuel side which will cause incom- 
plete combustion at high engine loads. 

First, the fuel may be too viscous, too 
high boiling, or contain residual frac- 
tions. Soot formation will accompany 
fuel impingement on the cool combus- 
tion walls and surface combustion. 


Second, the fuel may have a Satis- 
factory boiling range, but also a poor 
burning quality. Many fuels of pre- 
dominantly aromatic composition have 
been found to have higher air require- 
ments than would be expected from 
their chemical structure. Prevailing 
theory appears to be that during com- 
bustion of such fuels, low-volatility in- 
termediate products form. Condensa- 
tion of these fractions on the combus- 
tion chamber walls and slow burning 
from liquid surfaces rather than in the 
vapor stage cause increased amounts of 
carbon. 


While excessive formation of soot 
stems from lack of air and high engine 
temperatures, an entirely different kind 
of deposit will form if liquid fuel frac- 
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Fig. 1—Influence of engine load on rate of soot formation. Note the 


rapid rate at which soot builds up at a high load factor 
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re left over after combustion in 
the cylinder has ended. 

r prolonged engine operation in 
the light-load range, particularly under 


idling conditions, all parts directly ex- 
nD to combustion products often 
will be coated with black, sticky resi- 


lysis shows that 60% of this 
liquid belongs in the high boiling range 


of tillate fuel oils while the re- 
mainder defies distillation at atmos- 
pheric pressure. Low oil consumption 


and absence of tell-tale additive ash 
preclude presence of lubricating oil; 
thus the undistillable part must con- 
sist of polymerized fuel fractions. 

Sizable amounts of fuel may be in- 
yolved. During cold-weather idling of 
a 6-cyl engine, as much as 82% of the 
fuel may be recovered from the ex- 
haust in liquid form. The engine ac- 
tually operates on only 18% of the 
light fuel ends. Exposure of these 
liquid residues to hot exhaust gases 
further oxidizes them to more or less 
insoluble compounds of asphalt-like 
consistency. 

Parts most often affected by low- 
temperature deposits are pistons, cylin- 
der liners, exhaust valves, and fuel 
spray nozzles. Appearance of the de- 
posits, as well as the fact that the en- 
gine rarely fails while running, bears 
out the contention that these residues 
remain semifiuid while hot and solidify 
only upon cooling. 

The piston in Fig. 2 represents a 
typical example. The black coating 
covering the entire top portion, includ- 
ing the compression rings, is the result 
of 642 hr idling on a cracked distillate 
of 720F end point. The flow pattern 
plainly indicates the combustion cham- 
ber as origin of the oxidized material. 
When allowed to cool, pistons with 
deposits of this kind may be found 
solidly cemented to the cylinder bores. 

The exhaust valves in Fig. 3 were 
found in this condition after prolonged 
idling at 350 rpm and 175F water tem- 
perature. Fuel used was a straight- 
run distillate of 508F mid boiling point, 
652F end point, and 52 cetane number. 
The flow pattern points again toward 
gradual formation of these deposits 
from the liquid stage. 

Another example, the spray nozzle 
deposit in Fig. 4, is the product of 
100 hr of engine operation on a high- 
boiling, straight-run distillate at 1200 
rpm and 25% load. Spray deflections, 
poor atomization, exhaust smoke, and 
rapidly increased deposit formation are 
oo further continuation of such trou- 

1e€S. 

Engine design measures offer rela- 
tively little help in avoiding formation 
of low-temperature fuel deposits. Al- 
though maintaining high cooling water 
temperatures has some advantage, in 
cold weather the heat rejected to the 
coolant at very light loads often is not 
enough even to approach the thermo- 
stat opening temperature. 

More help could be expected from 
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increased compression ratios—not de- 
sirable for full-load operation on the 
other side. Preheating large amounts 
of air consumed by a high-speed engine 
also is highly impractical. 

The best the engine maker can pos- 
sibly do to combat the low-temperature 
deposit problem is to improve the de- 
sign of affected parts so they can toler- 
ate a reasonable amount of similar de- 
posits, and run hot enough to digest the 
residues as soon as higher loads are 
reached. (Paper “Influence of Fuel 
Composition on Deposit Formation in 
High-Speed Diesel Engines,” was pre- 
sented at SAE National Tractor and 
Diesel Engine Meeting, Milwaukee, 


Sept. 7, 1948. This paper is available 
in full in multilithographed form from 
SAE Special Publications Department. 
Price: 25¢ to members, 50¢ to nonmem- 
bers.) 


Fig. 3—Deposits on these 

valves were formed gradually 

from polymerized liquid fuel 
fractions 


Fig. 4—These low-temperature fuel 
deposits on the spray nozzle lead 
to ills such as poor atomization, 
spray deflection, and exhaust smoke 
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Fig. 2—The way in which low-tempera- 

ture fuel residues formed on this piston 

shows the deposit came from the combus- 
tion chamber 
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ti : With the broad aims in mind, this rough sketch 
Concep oe of the car was made on Aug. 15, 1946. It indicates 
basic requirements as to seating arrangement, leg and head room, and 
other fundamental dimensions. It was the first step in creating the 


~ 


new Ford. The final car varies by no more than 12 in. from these basic 
dimensions. 


























Styling: Around this sketch, providing basic data, the styling was 

aa developed. Stylists kept in mind three fundamentals in 

tackling the problem: (1) the area reserved for passenger comfort must 

not be compromised for styling alone; (2) the design must be feasible 

for manufacture; and (3) cost of the proposed design must be kept in 
line with the price class of the car. 





isibility: Note the increased visibility in the new car. (The wind- 
Vv sib | ty shield is at right, rear window at left). The camera 
was placed in exactly the same position in each car from the position 
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Developing the 


HAROLD T. YOUNGREN 
and HOWARD S. CURRIER 


HE new Ford was designed as a com- 

pletely new car, with no reservations 
as to use of any units of previous 
models. We were able to design a car a 
as we thought it should be, bearing in oe tu 
mind that Ford cars—by virtue of their 
cost and volume—must be adaptable | 
to all sections of this country and vir- im 
tually the entire world. 

The new Ford cars were designed to oe 4 
achieve the following objectives. t 


1. A car of the same general pack- i De 


age size as the previous models. 
2. Completely new styling of the 
most advanced design. 





Clay Model: In this full-size clay model were embodied the 

initial criteria. As the model progresses through the 
rough and finishing stages, the body development group at the same time 
is determining such things as contours and sections. A “bridge,” in the 
upper right-hand corner, is used during the finishing stages of the 
model so that the completed job represents an actually scaled model 





of the driver's eye level. The rear window pictures for both cars were 
taken just as if the camera were the driver's eyes, looking over his right 
shoulder. 
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149 Ford 


3 

& smier, wider interior—taking 

el ‘tage of the car width. 

m4 most advantageous ride and 

:. r handling. 
ower car without sacrificing ~ 


ei). Sees 


itrance to either front or rear 


4 Cao 
: ‘ 6 juction in car weight due to 
a mo cient design and use of ma- 
F with resulting advantages in 
performance and manufac- 


more ¢ 
both ¢ 
turing 

7. Better visibility. 

g. Adequate engine capacity with 
improved gasoline economy. 

How these aims were realized in the 
© -49 Ford is shown in the accompanying 
© iustrations. (Paper “Passenger Car 
™ Design and Notes on the Development 
of the 1949 Ford,” was presented by 
™ Youngren to the SAE So. Calif. Section, 
» Los Angeles, Oct. 27, 1948, and by Cur- 


“ SO: he oe ae 
slab ia : 





» Seating: 


F rear seat ahead of the rear wheel housing. 
"was moved forward 5 in. on the chassis. 
© positioning of the engine. 


ee 


Better seating is one of the features of the new Ford. To 
get maximum seating width, it was necessary to move the 
For this reason the seating 
It also necessitated forward 
Illustrated here are the basic body and 
% chassis differences between the 1948 and the new Ford. 


rier 


to the SAE Cincinnati Section, 
Nov. 22, 1948. This paper is available 
in full from SAE Special Publications 


Department. Price: 25¢ to members, 
50¢ to nonmembers.) 


American Supremacy 
Of Air Advocated 


Excerpts from talk by 
COL. ROSCOE TURNER 


Roscoe Turner Aeronautical Corp 


E must rule the air to insure peace 
because there is no one that can, or 
will, come to our aid in case we are at- 
tacked. Time will not permit. It will 
be fast and destructive. 
We, as a people, dislike unpleasant 


things—so we dismiss them from our 
minds. Our trouble is that we will not 
move until we are mad or scared. 
Pearl Harbor made us mad. Subma- 
rines popping on our coasts scared us. 
So with the help of time and two 
oceans, we got into high production 
and practically smothered the enemy 
with materials of war. And I am not 
discounting our boys who threw it at 
them. 

Our next Pearl Harbor will be the 
industrial center of the United States. 
Generals Eisenhower and MacArthur 
both have stated that future armies 
will travel through the air. 

Let me remind you that Russia has 
one of the largest airfields in the world 
just 4 min from our own soil—aAlaska. 
She can launch from there a thousand 
bombers and a thousand airplane 
troop carriers of 300 fully-equipped 
soldiers to each carrier. 

We don’t have a police force because 
we are crime-minded, but to prevent 


Cont. on p. 96 
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By moving the seating forward on the 1949 Ford (as 
shown at left), 
This permits maximum rear seat width. 
cross-section of the 1948 and 1949 Fords, taken through the rear seat, 
5 in. ahead of the rear-seat back. 


the rear seat is forward of the wheel 
It is shown in this 


The 1949 Ford gains 82 in. over 
the 1948 car. 
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curves with the power output curve is the theoretical top 


available on the 1949 Ford also improves fuel economy by reducing 


engine speed, and thus engine friction. 
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Dayton Tours 
McCall Plant 


® Dayton Section 
J. E. P. Sullivan, Field Editor 


Feb. 15—Dayton Section members and 
their ladies dined in the cafeteria and 
toured the plant of the McCall Corp. 
Richard Levy of McCall explained the 
background of the company and the 
processes to be seen, including printing 
of magazines and dress patterns. 


Hydraulic Transmission 
Excells in Flexibility 


® Mid-Continent Section 
W. F. Ford, Field Editor 


Feb. 12—Hydraulic transmissions, be- 
cause of their flexibility are better in 
certain. applications than sliding-gear 
transmissions, which have long been 
inadequate for most effective engine 
operation said W. F. Shurts, chief en- 
gineer of the hydraulics division of the 
Twin-Disc Clutch Co. 

Shurts’ explanation of the working 
of torque converters disclosed the rea- 
son for their flexibility. He compared 
the fluid coupling and the torque con- 
verter, pointing out that the fluid 
coupling can transmit power at only a 
1 to 1 ratio of torque with some 3 to 4% 
power loss from slippage. If a reac- 
tion member is added to serve as a 
fulcrum, the driving member in the 
fluid coupling will serve as a pump to 
increase the kinetic energy of the fluid 
and increase the torque. Thus, the 


resultant modification becomes an 
elementary form of the torque con- 
verter. 

The speaker showed that the driv- 
ing of the driven member in the torque 
converter is essentially the same as 
the driving of the turbine wheel in a 
steam turbine. The fluid, with in- 
creased kinetic energy derived from the 
pump, is released through nozzles 
against the blades of the reaction 
member, causing it to rotate. 

Unlike the steam in a steam turbine, 
which is exhausted after it has passed 
through the turbine blades, the oil 
in a torque converter is forced to fol- 
low a circular path from the reaction 
member back to the pump. Here, the 
kinetic energy of the oil is again in- 
creased, the oil is directed through the 
nozzles against the reaction member 
and returned to the pump. 

In discussing desirable physical char- 
acteristics in the fluid used in torque 
converters, Shurts stated that one with 
minimum viscosity serves best. Water 
would serve excellently for this purpose 
except for the comparatively short 
temperature range between its freezing 
and boiling points. 

Petroleum products have proved the 
most successful, and many of the low- 
viscosity oils being used currently have 
been improved by the use of additives 
to increase their stability. 

One factor requiring considerable 
testing and development during the 
perfection of the Twin-Disc torque con- 
verters was the oil seal. After ex- 
tensive work, a successful seal was de- 
veloped which employs a heat-treated 
cast-iron ring sliding against a carbide 
ring. 

Shurts said that the torque con- 
verter has been applied to numerous 
installations for transmitting power. 
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In use with the internal combustion 
engine, the torque converter permit 
maximum torque at maximum engine 
speed and minimum torque at mini- 
mum speed, not always obtainable with 
the sliding-gear transmission. 

The torque converter also supple- 
ments electric motor operation. When 
the motor is first started, if the prop 
erly designed converter is coupled to it 
the load will be greatly reduced because 
of the slip in the converter and much 
less starting current will be required 
The motor will not be _ excessively 
heated as it normally is when directly 
connected to aload. When the motor’ 
operating speed is reached, the slip 0! 
the converter will have been gradual 
reduced until full load is being trans- 
mitted. 

As an example of the utilization o! 
the flexibility of the torque converte! 
Shurts stated that it was common) 
used to diminish shock loads in powe! 
applications. He explained that 4 
sudden increase in torque and its ac- 
companying shock load is dampened 
and reduced through momentary slit 
in the converter. 

In closing, the speaker stated that 
some work had been done in the de- 
velopment of methods to allow the tor- 
que to be. varied at a constant speed b) 
variation of the pitch angle of the 
pump wheel blades and other simila! 
means, but none have been complete! 
satisfactory. 

Before Shurts’ presentation, a short 
after-dinner speech was given by L.£ 
Shedenhelm of the CAA Aeronautical 
Center at Will Rogers Field, Oklahoms 
City. In Shedenhelm’s talk, title¢ 
“Squints at the ‘Squirts’,” he told of the 
necessity for the replacement of the 
reciprocating engine by the gas turbine 
in aircraft. 
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Units for New Bus 
Made in Syracuse 


@ Syracuse Section 
W. F. Burrows, Field Editor 


Feb. 14—In presenting his paper on 
Greynound’s new Highway Traveler 
bus, Mile M. Dean said, “We’ve done 
more direct development with Syracuse 
than with any other city.” 

He pointed out that Aircooled Motors 
supplied the engines, which were de- 
signed by SAE-Member Carl Doman; 
windows are from O. M. Edwards Co.; 
and air conditioning by Carrier Corp. 

Dean told also how self-sealing gaso- 
line tanks assure protection from fire. 
A loaded tank has been dropped 108 ft 
without damage, he said. 


1913 Studebaker Takes 
Sparrow to Meeting 


@ Southern New England Section 
J. S. Walker, Ass’t Field Editor 


Feb. 8—Southern New England Section 
celebrated the visit of SAE President 
Stanwood W. Sparrow, a native son, by 
driving him from the center of Boston 
out to the meeting at M.LT. in a 1913 
Model 35 Studebaker. 

There he was greeted by Ernest L. 
Maxim, president of the Maxim Motor 
Co. and other boyhood friends. 

Sparrow traced the development of 
current Studebaker engines in his talk 
“My Friend, the Engine.” He de- 
scribed the planning of an engine as a 
battle which goes on until the pencil 
gains ascendency over the eraser. 

Sparrow was introduced by William 
E. Conway of Studebaker’s national 
accounts division in New York, and a 
former chairman of SAE Metropolitan 
Section. Harry Stanton previewed new 
cars and reported*on SAE Annual 
Meeting held in January. John C. 


As the party sets off for the New England 
SAE President Stan 
Behind him on 
jump seats are New England Section 
Chairman Elty C. Guiou (left) and John C. 
On the back 
seat are William E. Conway of Studebaker 
Corp. (left) and Robert Gardner (right) 


Section meeting, 
Sparrow is at the wheel. 


Hollis, SAE staff (right). 


of Lever Bros. Co. 
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Hollis, SAE staff member accompany- 
ing Sparrow, outlined some of the ad- 
ministrative functions of the Society, 
emphasizing that the high morale and 
vitality of SAE is due to the unstinting 
efforts and interest of its members. 


Lackner Speaks 
on Engine Valves 


® Oregon Section 
B. M. Smith, Field Editor 


Feb. 18 —J. E. Lackner, of the Seattle 
division of The Texas Co., presented a 
talk on “Factors Influencing Life and 
Performance of Internal Combustion 
Engine Valves” based on a paper previ- 
ously published in “Lubrication.” 

In summarizing, Lackner emphasized 
that long valve life depends on good de- 
sign and choice of materials for the 
valve, reasonably low valve tempera- 
tures, use of good fuel and lubricating 
oil, and proper servicing and mainte- 
nance. 

Although the technical feature for 
the January meeting did not material- 
ize, the substituted stag party was a 
marked success. After a dinner, some 
members tried their luck at a variety 
of games, some kibitzed, and others 
just chatted. 
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Fog Foam Fights 
Airport Crash Fires 


® New England Section 
A. R. Okuro, Field Editor 


March 1— New crash fire-fighting 
trucks that can spread a blanket of 
fog foam so that truck and personnel 
can get close to and inside a burning 
airplane fuselage fast have been 
worked out for use at New York Port 
Authority airports. 

Joseph C. Whitcomb, Maxim Motor 
Co., described the new equipment and 
showed a color film of a test fire at 
Newark, at which the fog foam equip- 
ment made it possible to remove a 
wrapped dummy from the fuselage in 
45 sec and extinguish the fire in 95 sec. 


Trucks Need 1 cu in. 
Of Diesel per 100 Ib GVW 


® British Columbia Section 
}. B.. Tompkins, Field Editor 


Jan. 6—Tom Collins, West Coast man- 
ager of the Buda Co., pictured “The 
Practical Side of Diesel Engines” for 
some 180 members and University of 
British Columbia students. 

In applying diesel engines to units 
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used by intercity truck operators “a 
pretty fair factor to remember is the 
rule of thumb calling for 100 lb of gross 
weight per cubic inch of engine,” de- 
clared Collins, who combines practical 
marine experience with a complete 
knowledge of high-speed diesels and 
association with truck manufacturers 
since 1923. 

Braking factor is abused by most 
diesel users, he complained. Remind- 
ing his audience that the modern diesel 
has the same braking effort as the 
gasoline motor of the same size and 
speed, Collins: high-lighted the fact 
that in modern diesels, the fuel supply 
shuts off automatically when going 
downgrade. Automotive applications 
are the “toughest application” any en- 
gine has to face. Manufacturers, he 
said, are “caught between desert and 
zero operating conditions. 


Diesels Stand Low RPM 


“There’s nothing mysterious or com- 
plex about the diesel engine,” declared 
Collins. “Can’t use a diesel engine on 
a milk run up a city street? Nonsense! 
There’s no difference between a diesel 
engine in a city delivery truck and the 
same engine in a fish boat operating 
for a 16-hr stretch at 500 rpm. And 
there’s no tougher service for any en- 
gine than in a transit bus operating (as 
diesels are) in the cities of New York, 
Chicago or Los Angeles.” 

Diesel engine research continues, he 
related. During recent years, con- 
siderable study has been made of valve 
springs. All engines have been suffer- 
ing from too great a variance in the 
quality of steel being used for valve 
springs. 

Most diesels today use aluminum 
alloy pistons, but, he said, the “plain 
old iron liner is still doing the best 
job,” although “much experimentation 
has been done on the inner surface of 
the liner. Chrome plating is restricted 
to new liners since the chrome finish 
peels off liners resurfaced following 
use.” 

Collins closed his address with an 
appeal to diesel engine users to “use 
good common sense” in the mainten- 
ance of their engines. “Don’t abuse 
tolerances,” he advised. As “we cut 
our weights, we’re going to take more 
horsepower out of a given amount of 
material, and we’re going to have to be 
very conscious of tolerances.” 

Connecting rods, cautioned the Los 
Angeles engineer, can be properly re- 
conditioned only by resizing. Crank- 
shafts in most diesels have been 
changed to carry loads “in the field 
and not on the drawing boards.” 
Chrome plating of diesel engine crank- 
shafts is a waste of time, he declared, 
and “the same as putting a piece of 
pipe over a garden hose.” 

“The acute problem today among 
diesel users is to keep foreign material 
off the bearing surfaces,” said Collins. 

Cont. on p. 84 
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BROWN 


. . . . of Cincinnati 


A. George W. Brown has seen most 
of the world and a large slice of the 
automotive industry. 

He was born in Bridgetown, Barba- 
dos, B.W.I., and grew up at British 
Army establishments in South Africa, 
Malta, Burma, Egypt, and St. Helena. 

He went back to England for his 
private school education. When it 
came time to choose a career, he chose 
engineering and began his technical 
education at Herriot-Watt College of 
Engineering, Edinburgh, Scotland and 
continued it at Elswick Institute of 
Technology, Newcastle-on-Tyne, Eng- 
land. Then he served a six-year ap- 
prenticeship with Sir. W. C. Armstrong, 
Whitworth Co., Ltd., Newcastle-on- 
Tyne. They were the builders of the 
Wilson-Pilcher car, which had a trans- 
mission similar to today’s hydra-matic 





Section 


—the only difference being one of con- 
trol. Later Brown worked with Rolls- 
Royce in London. 

In 1908, George Brown came to the 
United States as an associate of the 
Bristol Engineering Corp., Bristol, 
Conn., original manufacturer of the 
Yellow Cab and builder of the Allen 
Kingston and Haupt-Rockwell cars. 
During 1912, he moved to Long Island 
City to take charge of all new car test- 
ing and service for the Brewster Co., 
which manufactured the Brewster- 
Knight automobile. 

His next move was to the position of 
research and experimental engineer 
with the New York Transportation Co. 
in 1922. There he recommended many 
improvements in bus design and de- 
velopment and fleet operation. 

As equipment engineer for Borden's 
Farm Products Company in New York 
from 1931 to 1933, Brown was respon- 
sible for reorganization of garage fa- 
















A. George W. Brown, Cincinnati Sec- 
tion Chairman (Schenley Industries, 
Inc.), holds bronze winged victory 
awarded to his company for its out- 
standing truck fleet operation of 
2,172,171 miles in three years with 
only one chargeable accident. Award 
was presented by Liberty Mutual In- 
surance Co. at Cincinnati Junior 
Chamber of Commerce safety pro” 
gram. For each of six preceding 
years, Brown, as transportation en- 
gineer for his company, has received 
Liberty Mutual bronze safety plaques 
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| Chairmen 


cilities and equipment in the conver- 
sion from horse-drawn vehicles to 
automotive units. When the depres- 
sion delayed this project, he went to 
Jamaca Busses, Inc. at Jamaica, Long 
Island, as equipment engineer in charge 
of the change-over from streetcars to 
buses. He had supervision of bus con- 
struction, layout of garage and shop 
facilities, and maintenance procedures. 

His present employer is Schenley In- 
dustries, Inc. He joined them as trans- 
portation engineer in charge of their 
entire over-the-highway fleet in 1941. 

In 1945, he was appointed assistant 
director of purchases, automotive 
equipment and supplies, and in 1947 
he assumed the additional responsi- 
bility of automotive insurance ad- 
juster. 

Besides his six fine grandchildren, 
George takes pride in a beautiful flower 
garden and some remarkably low golf 
scores. He was one of the founders of 
SAE Cincinnati Section. 

—H. B. Frye, Field Editor 
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BURNHAM 


. .. . of Wichita 


Most of Walter E. Burnham’s 25 
years in engineering he has spent in 
Wichita. 

Walt started in Wichita in 1924 with 
the Peerless Body Co. as manager of 
the aviation department. Later he 
worked in Wichita as experimental 
engineer on special projects at the old 
Travel Air Co. and engineer on the 
Stearman NS 1 at Boeing. At present 
he is a staff engineer with Beech Air- 
craft Corp. in Wichita. 

He made a few flyers out of Wichita 
to jobs as instructor in apparatus de- 
sign at Tri-State College, project en- 
gineer at Barkley Grow Aircraft Corp., 
and engineer with the Freedman-Burn- 
ham Engineering Corp. in Cincinnati. 

Now he works on speciai design prob- 
lems and propeller design at Beech. 


. .. . of Milwaukee 


Gene Sickert is strictly from Wiscon- 
sin. 
He at- 


He was born in Milwaukee. 
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tended the University of Wisconsin and 
received his Bachelor of Science degree 
from its College of Mechanical Engi- 
neering. And he started his engineer- 
ing work in Milwaukee in 1936 as a 
draftsman for the Perfex Corp. 

Later he was named chief engineer 
of the~ Bolens Division, Automatic 
Products Co., Port Washington, Wis., 
and became works manager when that 
company was taken over by the Food 
Machinery and Chemical Corp. in 1947. 

Gene joined SAE in 1939; became 
active right away, and has been an 
important asset to the Milwaukee Sec- 
tion ever since. 

What time he can spare from his 
work and SAE activities, Gene likes to 
spend with his family or in golfing or 
hunting. The family includes a nine- 
year-old daughter and sons four and 
five years old. 

—L. D. Watkins, Field Editor 
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the series on 








He handles the company’s patent work 
also. 

Aside from these duties, Walt is an 
enthusiastic gardener and an active 
member of a local gardening club. He 
lives near the edge of town, where he 
can carry on his hobby. 

His other interests are varied. He is 
active in the Wichita Civic Music Club 
and spends a lot of time making a first- 
class engineer of his son, Robert, who is 
@ member of Boeing’s design staff at 
Wichita. 

—R. M. Harmon, Field Editor 





Journal Index 
Available 


A complete Index cover- 
ing the twelve 1948 is- 
sues (Vol. 56) of the 
SAE Journal is now avail- 
able to members and 
subscribers free upon 
request. 

















“Oil temperature should be from 180 to 
200 F to give up foreign materials best. 
And air cleaning too often is neg- 
lected.” 


Largest meeting in the annals of the 
SAE’s British Columbia Group was 
held February 10 in massive Brock Hall 
of the University of British Columbia. 
Guests of the enrolled students, the 
British Columbia auto men toured the 
sprawling University campus; witnessed 
experiments in mechanical, agricul- 
tural, and forest engineering labs, 
ranging from fuel and octane rating 
tests to experiments in quick hardening 
and metal fatigue. 

Sparkplug of this “Student Night” 
was the UBC’s agricultural engineering 
specialist and British Columbia Group 
governing board member, young and 
able Prof. J. R. W. Young. 


Atomic Energy Likely 
For Ships, Missiles First 


®@ Philadelphia Section 
E. B. Eipper, Field Editor 


Feb. 9—Adaptation of atomic energy to 
power production entails some unique 
engineering problems, which were out- 


lined by Phillip N. Ross of the Atomic 
Power Division of Westinghouse Elec- 
tric Corp. 

The high energy content of uranium 
235 (approximately 3,000,000 times that 
of coal) is obviously justification for an 
intensive, development program, he 
pointed out. 

Inasmuch as no oxygen or oxidizing 
agent is required for the release of 
energy from a nuclear chain reaction, 
it is possible to visualize delivery of 
very high power outputs with no oxy- 
gen limitations on the location of the 
powerplant. The high temperature 
of the reaction and the complexities 
of shielding against radiation products 
make the design problems very diffi- 
cult and challenging, Ross showed. 

There is no direct means of recover- 
ing power from nuclear reactions be- 
cause of the short range of the fission 
fragments, which can be stopped by a 
fraction of a mil of metal. This fact 
means that direct jet propulsion is 
impossible and that electricity cannot 
be produced directly from a nuclear 
reactor. 

The choice of a heat exchange med- 
ium for an atomic powerplant is com- 
plicated by the fact that impurities give 
rise to the production of dangerous 
radioactivity. Massive shielding is re- 
quired to absorb the powerful gamma 
radiation. Two inches of lead are as 
effective as eight inches of concrete 
for this purpose, according to Ross. 

One of the most troublesome re- 
quirements is that the uranium 235 


Canadians Honor Past-Chairman 





Edwin F. Armstrong (left) receives the certificate of appreciation of his 


services as Canadian Section’s chairman for 


1947-1948 from Col. 


Alexander S$. McArthur, dean of the Section’s former chairmen 
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fuel must be reprocessed after approxi- 
mately 10% has been consumed be. 
cause of poisoning by fission products, 
he explained. Damage to the fuel units 
may be extensive because of corrosion 
or loss in physical strength. An ex. 
tended decay period will be required be- 
fore the used fuel can be safely re. 
worked. 

While use of atomic power is tech- 
nically feasible, Ross made it clear to 
the audience that it will supplement 
but not supersede other power sources, 
A 50% reduction in the cost of fue) 
for electric power generation would re- 
sult in a saving of not over 10% to the 
power consumer. The most probable 
initial applications of atomic power wil] 
be for ship propulsion of self-destroy- 
ing aircraft. 

In introducing the speaker, Dr. Gay- 
lor P. Harnwell of the University of 
Pennsylvania, technical chairman, 
noted that the initials of the SAE 
might well some day be applied to a 
Society of Atomic Engineers. He de- 
plored the hysteria with which some 
groups in America regard all phases 
of the problems raised by the growth 
of atomic power. 


Speaker Demonstrates 
Shop-Talk Techniques 


® Hawaii Section 
Rene Guillou, Field Editor 


Feb. 21—Albert Ruegg made his pre- 
sentation on shop training a sample of 
the informal speaking style plus colored 
chalk illustrations which have proved 
so effective in explaining fundamental 
principles to plantation shop men and 
machine operators. 

Ruegg, service engineer for the von 
Hamm-Young Co., has had 30 years of 
experience in shop training work. 


Higher Octane Best 
with Supercharging 


® Williamsport Section 
H. W. Epler, Field Editor 


Feb. 7—Fuels and engines are inter- 
dependent, Max M. Roensch reminded 
his listeners throughout his paper on 
“Engine Design for Past, Present, and 
Future Fuels.” Roensch is research 
coordinator for the Ethyl Corp. 

In discussing the various factors 
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which determine power output of pas- 
senger and truck engines, he said that 
throughout the years 1925 to 1949 
engine displacement has remained 
fairly constant and that the average 
compression ratio has increased from 
44 to1to7 tol. 

Increased engine speed and improve- 
ments in valve design and carburetion 
nave greatly assisted in increasing 
engine output and economy. He 
pointed out that further increases in 
compression ratio will give diminishing 
returns in power output and that more 
power can be obtained by supercharg- 
ing, that is, by increasing the manifold 
pressure, than by further increases in 
compression ratio. 

Besides, according to Roensch, high- 
octane fuel required by higher-com- 
pression-ratio engines is not now 
available in the quantity required for 
commercial vehicles. He does not be- 
lieve supercharging to be economical 
for passenger cars, but mentioned that 
superchargers are being considered for 
truck installations. 

With regard to fuel requirements, the 
slides shown by the speaker clearly 
illustrated the fact that to get maxi- 
mum benefit from high octane fuels it 
will be necessary to use superchargers. 

A nofmally aspirated engine requires 
higher antiknock qualities in fuel only 
under full throttle, low-speed condi- 
tions. As the speed increases, lower- 
quality gasoline will suffice, which has 
led to the conception of dual-flow 
carburetion, in which both high-octane 
fuel and ordinary fuel may be used at 
will. According to Roensch, the use of 
dual-flow carburetion is a matter of 
economics and presents new problems 
to the user depending upon the terrain 
over which it is used. 

With regard to gasoline economy, 
Roensch brought out the fact that the 
common expression “miles per gal- 
lon” is inadequate and a better unit 
is ton-miles per gallon, the trend of 
which has been to increase with refine- 
ments in engine and car design. 

During the experimental testing at 
high compression ratios of the truck 
engine previously mentioned, it was 
found that extensive changes had to be 
made to the cylinder head, piston, and 
valves due to the higher temperatures 


— pressures in the combustion cham- 
er. 


Add Sodium-Cooled Valves 


The piston was made heavier, and 
the cylinder-head combustion cham- 
ber wall thickness had to be increased. 
A narrower chrome-faced scraper ring 
was substituted for the plain ring 
previously used. Valve failure due to 
corrosive attack at high temperatures 
was corrected by use of sodium-cooled 
valves, which increased valve life five 
times, 

A further inerease in valve life of 
25 times was obtained by use of valve 
rotators, which provided better seating, 
reduced valve sticking, and eliminated 
valve overheating at local spots. 
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Members of Case Institute Student Branch view antidetonant injection equipment applied to 

single-cylinder demonstration engine. Shown are (left to right) W. Raymor, William |. Kirby, 

Edward Beiden, William Thorrat, and Arthur C. Saxton. Raymor and Saxton are with Thompson 
Vita-Meter Corp. 


Among other changes required for 
converting an engine for high output 
performance suggested by Roensch 
were a more rugged crankcase, a stiffer 
crankshaft, and heavy-duty bearings. 

The cost of alcohol and water injec- 
tion according to Roensch is prohibi- 
tive. Very little is to be gained by fuel 
injection only. 


New “Cold” Process 
Yields Better Rubber 


® Pittsburgh Section 
Murray Fahnestock, Field Editor 


Jan. 25—Some Pittsburgh motorists 
may be driving on tires containing 
“cold” rubber without knowing it. 
About three out of every 100 tires pro- 
duced this year will be made of the new 
synthetic, although the tires are not 
so labeled. 

This news was disclosed by Lawrence 
M. Baker, Mansfield Tire & Rubber Co. 

As a defense measure, the rubber 
industry produced GR-S rubber in 
huge quantities during the war. After 
the war, its continued use in trans- 
portation products was made manda- 
tory by the government, so to retain 
at least part of the GR-S production 
potential in active use, he explained. 

The “cold” rubber process is the 
first major advance in GR-S quality 
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and is the result of industrywide co- 
operative effort. While cold rubber 
is made from essentially the same ma- 
terials and in the same manner as 
standard GR-S, the present plan is to 
make most of it at 41 F, Baker said. 

Until recently, it has been necessary 
to use higher temperatures in order to 
secure polymerization within a rea- 
sonable reaction time. At 86 F, 70 hr 
were required as compared with 14 hr 
at 122 F. This discovery of activators 
made it possible to make the new cold 
rubber in practically the same time 
cyle as standard GR-S. 

The recently discovered oxidation- 
reduction (redox) system provides a 
means of polymerization at low tem- 
peratures and must be used at low tem- 
peratures. Otherwise very rapid and 
uncontrollable polymerization occurs. 
This creates an engineering problem 
in cooling the chemicals and in keeping 
the reactor cold while the reaction is 
taking place. After the desired reac- 
tion takes place, it is necessary to add 
inhibitors or so-called shortstopping 
agents. 

Cold rubber is more like natural rub- 
ber in its molecular structure and has 
very little branching or crosslinkage of 
hydrocarbon chains. Cold rubber prod- 
ucts show tensile strengths and elonga- 
tion values much greater than stand- 
ard GR-S and, in some cases, even 
better than natural rubber. Cold rub- 
ber has greater resistance to aging 
than standard GR-S or natural rub- 
ber, Baker reported. 

While the hysteresis loss of cold rub- 
ber is still somewhat higher than that 
of natural rubber, it is much lower than 
standard GR-S, so tires will run much 
cooler. Perhaps the most outstanding 





superiority of cold rubber lies in its 
resistance to flex cracking and crack 
growth, being even superior to natural 
rubber in this respect, while GR-S has 
been much inferior to natural rubber. 

Because of its great superiority over 
GR-S and even over crude rubber for 
abrasion resistance, most of the 198,- 
000 tons annual production of GR-S is 
being changed to this cold type. It is 
generally accepted that the tread wear 
may be improved by 30% over GR-S. 
Cold rubber is now being sold by rub- 
ber reserve at the same price as stand- 
ard GR-S, even though the need for 
refrigeration makes it cost a fraction of 
a cent more to produce. 

Already research and development 
work is being done on the production 
of even better cold rubber, made at 
temperatures even below zero. 

The speaker forecast that, for quality 
reasons, cold rubber would displace 
standard types of GR-S as rapidly as 
it becomes available. Also, for quality 
reasons, cold rubber will be used to re- 
place substantial quantities of natural 
rubber. This will occur in quality 
products, even though natural rubber 
sells at a somewhat lower price. 

Answering a question on the skid 
resistance of cold rubber, Baker said 
that it had been found about equal to 
natural rubber and considerably better 
than GR-S synthetic rubber in road 
tests on wet paving. “On ice, is any 


rubber very resistant to skidding?” he 
asked. 

Further discussion brought out that 
the effect of cold rubber in tire side- 
walls is to reduce radial cracks, but at 


first it will be used chiefly in treads, 
where it is so valuable. At present, 
cold rubber is being used primarily in 
passenger car tires, rather than in 
truck tires. 

Cold rubber can be used for recap- 
ping. The same heat is used for cur- 
ing cold rubber as for other rubbers. 
Cold rubber tires are no harder to 
mount than other tires, Baker assured 
one questioner. 

All tire companies have some cold 
rubber available, but some companies 
have much more than others. 


Stout “Needles” 
Car Manufacturers 


® Detroit Section 
W. F. Sherman, Field Editor 


Feb. 16—William B. Stout, back from 
his new home in Phoenix, paid a 
special visit to his old haunts in the 
Detroit area and spoke, on “Traditions, 
Trends, and Tendencies in Car Body 
Design”’. 

Bill launched his talk by pointing 
out that design trends can change for 
various commercial, sales, financial, 
and other reasons, as well as for engi- 
neering reasons or “to make a thing 
work better.” Characteristically, he 
said it was not his intention to “rap” 





Bill Stout (left), speaker at Detroit Section meeting, chats with Jim Crawford, 
both former SAE Presidents 
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the manufacturers but “to needle them 
a little.” 

Implying that designers had beep 
copying from bistro juke boxes, he ex. 
pressed mild concern that the bumpers 
still were not the kind with “bubbles 
floating around in them” but conceded 
that such a thing might come to pags 
if that is what the customers want. 

There is only one important man in 
our civilization, not “labor” or “capital” 
but the customer. Jobs depend on him. 
Stout said. 

Style lines have become so “stabil- 
ized” and “frozen” that it is difficult 
to tell todav’s cars apart, he observed, 
If any one car was different, it would 
be a _ sSelf-advertising billboard—and 
Stout recounted some of his own ex- 
periences when crowds surrounded his 
early Scarab automobile and police 
made him move on so he would not tie 
up traffic. 

He conceded that it is necessary to 
work up toward radical changes on a 
gradual basis. On a blackboard he 
outlined some of the things industry 
could do to utilize the present area 
of a vehicle to better advantage. 

Quickly sketching early models with 
little passenger space, no luggage space, 
and dirt-catching running boards, he 
carried on to today’s models. He 
showed how running boards had atro- 
phied, seat cushions had widened, and 
leg room improved. Objections cited 
by him are the lack of sufficient width 
at shoulder height and head level, de- 
monstrated by cross-section sketches 
of typical bodies. Tunnels in the floor 
are still a big item for objection, he 
added. 

Exposure of extensive side panels, 
doors, and fenders without bumpers on 
the side is not called for, he declared. 
Use of chrome trim strips along the 
sides is indicative of the fact that 
bumpers will be there eventually. 

A series of Stout sketches projected 
as slides preceded projection of photo- 
graphs of current models. Among the 
things he cited is the fact that large 
rear windows do not help visibility to 
the rear when passengers are carried 
in the back seat. A high window and 
a high mirror overcome this difficulty, 
he said. Rounded windshield corners 
and elimination of vent windows will 
greatly reduce noise, Stout asserted. 
Movable rear seats, permitting an in- 
crease of passenger space or of luggage 
space at will, was another of his sug- 
gestions. 

As to separate rear fender contours, 
which still are apparent on some of the 
current models, he predicted that 
simplicity will win out. 

He conceded that “all of the auto- 
mobile business is not engineering— 
there are other aspects equally im- 
portant—but there is hope that some- 
one will come out with something 
radically better, not just radical.” 

Stout concluded with a motion pic- 
ture made on an early trip across the 
country in his Scarab automobile. 
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Explains Boeing’s 


Simplified Controls 


® Wichita Section 
R. M. Harmon, Field Editor 


Jan. 20—The simplified controls of the — 
Boeing L15 liaison airplane, recently © 
purchased by the Air Force, are the re- 
sult of an evolution in design thinking. 

The steps in the evolution were out- 
lined in a paper written by James M. 
Wickham, chief aerodynamicist, and 
read by D. C. Heimburger, engineering 
test pilot, both of Boeing Airplane Co.’s 
Wichita division. 


Tractor Men Display 
Varied Interests 


® Central Illinois Section 
R. V. Larson, Field Editor 


Feb. 21—The annual .“local talent’ 
night demonstrated that although most 
Central Illinois Section members are 
employed by tractor manufacturers, 
they have varied engineering interests. 

R. J. Sullivan used a mechanical 
model to prove the existence of a criti- 
cal speed where torsional vibration is 
most severe. Torsional vibration, he 
said, will occur in any mechanical ar- 
rangement such as the crankshaft sys- 
tem of a conventional engine in which 
a periodically varying torque acts on 
flexibly connected masses. Its chief 
effects are noise and fatigue failure. 

Bonded-rubber and_ viscous-fluid 
dampers reduce the severity of vibra- 
tions by absorbing their energy through 
friction, he explained. 

Speaking on industrial electronics, 
P. J. Costa described two electronic in- 
struments, the knockmeter and an 
automatic timer used for measuring 
the coefficient of friction of clutch- 
plate materials. 

Both instruments change mechanical 
excitations into an electric signal 
through a magnetic pickup. The vol- 
tage from the pickup is amplified and 
used in one case to indicate noise on 
an oscilloscope and in the other case 
to actuate a clock circuit. Most in- 


| dustrial electronic equipment operates 


on this principle, Costa said. 

Both Sullivan and Costa are with 
Caterpillar’s Research Department. 

C. H. Herr, Allis-Chalmers engineer, 
gave some pointers on desiging gears of 
other than standard proportions. This 
1S Sometimes necessary, he said, to in- 
crease tooth strength by eliminating 
undercut, to give more nearly continu- 
ous tooth action, or to make gears run 
on nonstandard centers. He empha- 
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sized the importance of using standard 
hobs and gear shaper cutters. 


This means that modification should 
involve only varying the position of the 
cutting tool in relation to the gear 
blank. 


military vehicle in desert tests with 
this powerplant showed outstanding 
performance. Maurice A. Thorne, 
General Motors Corp. congratulated 
Bachle on the design but expressed the 
opinion that there is need to improve 
low-speed, full-throttle performance. 
He is not convinced that fuel distribu- 
tion is completely satisfactory, ex- 
pressed some doubts on costs, and 





Argue Air Versus 
Liquid for Cooling | 


® Detroit — 
W. F. Sherman, Field Editor 





Jan. 31—Although Carl F. Bachle fore- 
saw a number of advantages in applica- 
tion of the new aircooled engines de- 
veloped for military tanks to motor, 
vehicles, some of his discussers baie. 

| 


| 





skeptical. 

The new series of engines, ranging 
from 100 to 1000 hp, was designed to) 
attain maximum interchangeability of 
parts, light weight, minimum bulk,) 
good utilization of space, ease of serv- 
iceability. For Ordnance purposes, 
established gasoline (80 octane with) 
maximum of 3 cc lead per gal) and oils) 
were specified. The engine is operable 
when submerged and is considered 
suitable for extremes of arctic and 
tropical climates. 

Two basic cylinder sizes are em- 
ployed, and combinations range from 4 
to 12 cylinders. Besides interchange- 
ability within each size group, many 
parts are common to the two sizes of 
engines. These include fans, fan drive 
clutches, magnetos, oil filters, spark 
plugs, and governors. 

Performance figures of aircooled en- 
gines, it was pointed out by Bachle, are 
equal or superior to most liquid-cooled 
engines used in vehicles today, indicat- 
ing cooling equal to the liquid-cooled 
engine. 

In the design of the engines, full use 
was made of experimental stress analy- 
sis methods, according to the speaker. 
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The practical result, he said, is parts) 
which are easier to manufacture as) 
well as lighter for the same endurance 


life. 
As for production costs, Bachle i 


phasized that production quantities are 
the all-important factor in establishing 
price levels. He offered the opinion 
that minimum cost levels are not 
reached until the production rate is of 
the order of 100,000 per year. On the 
engines under discussion, he said it is 
not difficult to make out a case for 
reduced costs when volume is attained. 

Weight comparisons make the engine 
attractive for use in all transportation, 
especially buses. The 250-hp version 
of this powerplant weighs 777 lb, com- 


pared with 2,400 lb for a comparable 


liquid-cooled, he said. 


Motion pictures in color of a wheeled 
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indicated that the noise of this type 
engine might interfere with commer- 
cial usage. 

Carl T. Doman, vice-president in 
charge of engineering, Aircooled Mo- 
tors, Inc., mentioned that experience 
has proved that it is possible to build 
a satisfactory aircooled powerplant 
either with individual cylinders or with 
en-bloc construction. He recounted 
instances from the past when such an 
engine (a 322-cu-in. straight eight) 
proved satisfactory. In this engine, 
aluminum cylinder heads were cast in 
pairs and were removable. He con- 
firmed Bachle’s opinion that the air- 
cooled engine requires only 50% of the 
cooling air needed by a liquid-cooled 
engine. Many operate on only one- 
third as much cooling air as liquid- 
cooled engines, he said. 

Col. Joseph M. Colby, Detroit Arse- 
nal, recited the recommendations of an 
SAE group which in the winter of 1946- 
1947 visited Task Force Frigid in 
Alaska, Task Force Williwaw in Adak, 
and Task Force Frost at Camp McCoy, 
Wisconsin. These observers submitted 
recommendations for the development 
of aircooled engines which are in sub- 
stantial agreement with what has been 
developed. 


From International Harvester Co., 
A. A. Catlin offered discussion of the 
subject of specific heat rejection. This 
is controversial, he said, probably be- 
cause a standard test procedure has 
never been universally accepted. He 
concluded his discussion with the state- 
ment, “As so aptly pointed out by the 
author, only many thousands of miles 
of operation under the conditions nor- 
mally encountered by commercial 
operators can prove or disprove the 
economic advantages of aircooled 
engines for truck application.” 

C. H. Wiegman, chief engineer, Ly- 
coming Division, Avco Mfg. Corp., 
agreed that this type of powerplant is 
exceedingly versatile and has many ad- 
vantages. An experimental installa- 
tion of an aircooled engine in a bus has 
indicated that, for the same bulk of 
engine, approximately twice the power 
is available. Two years of experience 
with the installation has been favor- 
able. 

Milo M. Dean, of Greyhound, who 
has worked with Doman on bus in- 
Stallations and has had four engines 
for dynamometer and road tests for 
several years, said that more power 
with less weight was the first objec- 
tive and the elimination of road fail- 
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ures due to plumbing systems the sep. 
ond objective in the Greyhoung 
program. He recited some of the de. 
tailed difficulties in his installations 
For example, nonshielded plugs get wet 
easily, and grille design is very sengj- 
tive to accumulations of ice and slush, 

Vincent C. Young, chief engineer, 
Valve & Saginaw Divisions, Eaton 
Mfg. Co. cited advantages of direct 
cooling, the main one being elimination 
of plumbing. 

The design problem is far more criti- 
cal; errors that can be tolerated ip 
the liquid-cooled engine might be 
disastrous for the aircooled, Young 
said. Maintenance of sheet-metal 
pieces of the duct work might present 
a problem, if the metal is mutilated or 
damaged by service men, he pointed 
out. 

He dealt sharply with the theory 
that high torque at low speed is a 
“must,” asserting that it is a miscon- 
ception. Young commended highly 
the utilization of experimental stress 
analysis methods in the development 
of this engine. 


Washington Honors 
Dr. H. C. Dickinson 


®@ Washington Section 
J. T. Duck, Field Editor 


Feb. 8—At a special ceremony honoring 
Dr. Hobart C. Dickinson, he reminisced 
about the first SAE national meeting 
he attended, the 1915 meeting held on 
a lake steamer. Highlight of that 
meeting, in Dr. Dickinson’s memory, 
was the fake fight between Dr. C. F. 
Kettering of General Motors and J. G. 
Vincent of Packard about the merits 
of a 12-cyl engine then in use. 

Dr. Dickinson was a leader in organ- 
izing the Washington Section, which 
he served as chairman in 1920-1921. 
He has served on SAE technical com- 
mittees, contributed papers, and been 
a member of the SAE staff. He has 
been with the National Bureau of 
Standards almost continuously since 
its founding in 1903. 

His early work in calorimetry and 
temperature measurement led to im- 
portant advances in manufacture and 
testing of thermometers. Later he 
made significant contributions to the 
building of the first test chamber for 
simulated altitude tests and develop- 
ment of fuel test methods. 

Added attraction at the meeting was 
a description of the magnetic fluid 
clutch recently developed at the Bu- 
reau given by Dr. Henry D. Saunder- 
son of the Bureau’s Ordnance Me- 
chanics Section. Saunderson demon- 
strated the operation of the clutch. 


SAE JOURNAL 











C- 
e- 


et 
i- 


eT, 
on 


on 


ry 


n- 
nly 
ess 
ant 


tion 
litor 


ing 
‘ing 


hat 
ory, 


lich 
921. 
om- 
een 
has 

of 
ince 


and 
im- 
and 

he 


for 
lop- 


was 
uid 
Bu- 
der- 
Me- 
10n- 
itch. 


NAL 


Its operation he described as dependent 
on 2 magnetic field of high flux density 
set up in particles of iron suspended 
in a silicone fluid. The iron particles 
are spherical in shape, their size 
ranging from 0.5 to 40 microns (0.0005 
to 0.040 mm). When the magnetic 
field is activated, the particles cling 
together in chains which can be 
broken only by application of great 
force. The clutch was originally de- 
veloped as a special “zero-time-lag” 
clutch in electronic computing ma- 
chines. It is currently being developed 
py several firms as an automotive 
lutch. 

: A special entertainment was provided 
py Lee Selfe, who gave a demonstration 
of mind reading, thought-transfer, and 
card tricks. 


Induction Hardening 
Benefits Crankshafts 


® Pittsburgh Section 
Murray Fahnestock, Field Editor 


Feb. 22—Induction hardening was de- 
veloped largely to reduce journal and 
bearing wear on diesel crankshafts, 
Harry B. Osborn, Jr., Ohio Crankshaft 
Co., explained to a large audience, 
which included many engineers from 
the ferrous metals industries located 
in the Pittsburgh area. 

Flame hardening is not suitable for 
diesel crankshafts because of the dif- 
ficulty in controlling to necessary ac- 
curacy. And as for carburizing, Os- 
born had a slide showing a diesel 
crankshaft twice as high as a man 
projected on the screen and asked, 
“What would happen to the alignment 
of that crankshaft if we tried to car- 
burize it?” Preventing distortion of 
a 3500-lb crankshaft during carburiza- 
tion would be something for the angels 
to wrestle with, he said. But induc- 
tion hardening turns the trick. 

Osborn said that 10,000 cps current 

is used for 95% of present induction 
hardening, although higher frequencies 
are used for special applications. High 
frequency concentrates the current on 
the surface of the piece and achieves 
the “skin effect.” 
Also important are duration of heat- 
ing and power density. High power 
hardens the surface before the heat 
has time to soak through to the depths 
of “%, piece that should not be hard- 
ened. 

Osborn named three sources of high- 
frequency current: motor-generator 
Sets, which usually develop from 5000 
to 10,000 cps, although some have been 
built for ultrasonic 30,000-cps service; 
vacuum tube oscillators, which go up 
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to 375,000 cps; and spark-gap oscilla- 
tors producing frequencies of 200,000 
and 400,000 cps, mostly for heating 
small parts. Small sizes of all three 
types cost from $300 to $350 per kw. 
As size increases, motor-generator sets 
tend to cost considerably less per kw 
capacity. 

In answer to Richard Welker’s ques- 
tion about hardness of induction-hard- 
ened crankshafts, Osborn said that 
hardntss was usually about 550 Brinell 
and that such crankshafts are iden- 
tified by the mark “Tocco” stamped on 
them. Many small parts, he continued, 
are not identified in any way. 

Since penetration of induction-in- 
duced heat is uniform, any variation 
in thickness of the metal tends to 
cause overheating and possible burn- 
ing of holes in thin sections, he ex- 
plained. Although the purpose of in- 
duction hardening is to eliminate the 
need for regrinding, removal of a few 
thousandths of the 0.175-in. hardened 
surface makes no difference. 


Shaw Calls Racing 
Accelerated Testing 


® Washington Section 
J. T Duck, Field Editor 


March 8—Wilbur Shaw, noted racing 
driver, told the Section that 500 miles 
on the Indianapolis Speedway race is 
equivalent to 50,000 miles of normal 
driving in evaluating performance of 
tires, body parts, and engine com- 
ponents, 

The speaker, now manager of the 
Indianapolis track, said that very many 
devices now standard equipment on 
passenger cars were first used on cars 
in the Speedway’s Memorial Day clas- 
sic. Among the important “firsts” of 
the Speedway are four-wheel brakes, 
balloon tires, superchargers, high com- 
pression engines, ethyl gasoline, hy- 
draulic shock absorbers, and rear view 
mirrors. 

The contribution of the Speedway to 
tire development has been of particular 
significance, Shaw said. About 1920 
Harvey S. Firestone became interested 
in the Indianapolis race. He believed 








that the Speedway was a valuable | 


proving ground for tires. 
stress and temperatures to which the 
tires are subjected in race driving far 
exceeds those reached in everyday 
driving, so that one day on the track 
may produce more knowledge about 
the performance of a tire than months 
of day-to-day service. 

Firestone engineers were instructed 
to build a tire that would stand up in 
the Speedway races, and through the 
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Ir is wise economy to buy 
cutting fluids on a basis of per- 
formance rather than on a price 
basis. This is borne out by the 
case of a large screw products 
company in Chicago machining 
11/16” round stainless steel types 
303 and 440. Operations include 
forming, drilling and reaming on 
a New Britain-Gridley automatic 
screw machine. A number of dif- 
ferent cutting oils had been used 
on this job until one was found 
that seemed to give relatively sat- 
isfactory performance. However, 
this product was replaced after 
the first trial with Stuart’s Thred- 
Kut. Not only was there a marked 
improvement in finish, but tool 
life was increased 3 to 4 hours and 
daily production was increased. 

The above case study is a typi- 
cal example of how the best cut- 
ting fluid for the job will pay its 
original cost over and over again. 
D. A. Stuart Oil Company repre- 
sentatives preach the gospel of 
“Wise Economy.” They can help 
you cut costs with cutting fluids 
best suited to your requirements. 
Ask for booklet, Cutting Fluids 
for Better Machining. 
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| years much progress has been made. 
~ Pit stops for tire changes, once fre- 
C ~y quent, are now comparatively rare. 
’ The winner of the 1942 race was able 
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to finish the race without a single pit 
stop. 

The first rear view mirror was in- 
stalled by a Speedway driver who 
wished to dispense with the then usual 
“riding mechanic,” whose function was 
to keep the driver posted about the 
| positions of following cars. The year 
following the first use of hydraulic 
shock absorbers on the Speedway, they 
first appeared as standard equipment 
on passenger cars. Much progress in 
| fuel economy can be traced to experi- 
| ence on the track after limitations were 
placed on the quantity of gasoline a 
| car could use in the race. 
| The speaker was introduced by 
| Claude Mahoney, Washington radio 
| news analyst. An avid racing fan, 
| Mahoney has attended the last 15 
| Indianapolis races. He reviewed the 
/history of the meet and its contribu- 
| tion to automotive engineering develop- 
|ments. The track has made much 
| progress under the direction of Wilbur 
| Shaw, notably in handling of traffic, he 
| Said. 
| Ina brief business meeting, the Sec- 
| tion voted to add four vice-chairmen 
| to its present complement of officers. 
| The new vice-chairmen will sponsor 
activities in connection with transpor- 
tation, government agencies, aeronau- 
| tical developments, and the armed 
| forces. 





M e C h all | C a | ‘Rubber Development 


Saves $50 Billion 


| ® Western Michigan Section 
H. F. Stapel, Field Editor 


ae | Feb. 17—The story of the oldest and 


ee | 


most versatile plastic—rubber—and 
how its phenomenal development in the 
tire industry alone has saved the Amer- 
ican people $50,000,000,000 in 25 yrs 
was told by Dr. A. W. Bull, director of 
tire development of United States 





The chemical reaction between sul- 
fur and rubber, known as vulcaniza- 
tion, was discovered 110 yrs ago, and, 
| from then until now, its uses have ex- 
panded almost beyond comprehension, 
he said. 

The three main parts of the tire are 
| the “‘carcass,” wire beads in the carcass 
| rims, and the external covering known 
_as the tread. 
| All of the parts which make up the 
| tire must be able to stand the different 
| conditions to which they are subjected, 
_and they must do so without being so 
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expensive that the public could not ag. 
ford to use them. 

The amount of testing required to 
produce a good tire can be seen by the 
fact that U. S. Rubber tested 14,099 
tires to destruction for a total of 299 
million miles. 

The story of the butyl tube Bull dis. 
cussed, pointing out the good and bad 
parts and how it has been improved 
so that now it is better than natura] 
rubber because it has better resistance 
to aging, better tear resistance, and 
superior air retention. 


Airlines Can Earn 
Profits in Long Run 


@ Southern California Section 
R. V. Lindberg, Field Editor 


Feb. 10—Harold D. Koontz answered 
his question “Must Airlines Lose 
Money?” in the negative. 

Koontz, director of commercial sales 
for Consolidated Vultee Aircraft, pre- 
dicted that the airlines, like all trans- 
portation businesses, will probably 
never be tremendous financial suc- 
cesses, but they can, in the long run, 
earn the respectable profits necessary 
to keep capital flowing into the in- 
dustry. 

He found hope in the reduction of 
airline costs and breakeven load fac- 
tors during 1948. Reduction of break- 
even load factor through normal cost 
reduction, increased volume of opera- 
tions, more efficient equipment, or any 
other means, he termed the most sig- 
nificant goal of any airline operator. 

Technical chairman was Charles 
Thomas. 

a 


Feb. 2—Southern California Section’s 
first panel meeting, set up to discuss 
cabin supercharging, drew 135 mem- 
bers and guests. Reagan Stunkel pre- 
sided and Jack Wassall was technical 
chairman. Participating in the dis- 
cussion were Ralph Ellinger, engineer 
in charge of research for TWA; Stan 
R. Shatto, vice-president, maintenance 
and engineering for Western Air Lines; 
S. L. Messinger, thermodynamics en- 
gineer for Lockheed Aircraft; Bill 
Reaser, air conditioning engineer from 
Douglas Aircraft; and Homer Wood, 
project engineer, AiResearch Mfg. Co. 
6 

Jan. 18—Gilbert Way, Ethyl Corp. 
presented Harold J. Gibson’s Annual 
Meeting paper “Factors Affecting Oc- 
tane Number Requirements” when W. 
M. Holaday was unable to present his 
paper “Fuels—Their Present and Fu- 
ture Utilization,” as scheduled. 
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Panel Suggests 
Why Valves Fail 


®Metropolitan Section 
A. B. Saxman, Field Editor 


Jan. 27—At a lively panel meeting on 
valves, three experts traced most forms 
of valve failure back to overheating 
and recommended adequate seating, 
uniform cooling, and clean lubrication 
as remedies. The experts were E. C. 
Paige, Ethyl Corp., Vincent Ayers, 
Eaton Manufacturing Co.; and John 
Newton, Thompson Products, Inc. 


Paige stated that present-day valve 
failures fall into two classes: burning 
and breaking. There are many known 
causes for these effects and a few more 
unknown causes. High-temperature 
alloys can be used to prolong valve life 
and prevent breakage, but these ma- 
terials will fail if the heat transfer is 
inadequate. 

Good seating keeps valve tempera- 
tures down, while inadequate seating 
raises the temperatures to such a point 
that valves have insufficient strength to 
keep designed configuration. If valve 
seating is good, then tetraethyl lead 
will not have a detrimental effect on 
valve life; but, if seating is bad, lead 
will accelerate valve breakage. 

Ayers discussed valve-gear design, 
stating that present trends are toward 
overhead valves although least de- 
flection is found in the valve-in-block 
design. Valve-gear difficulties increase 
with engine speed. Parts cannot be 
made heavier because of the increased 
reciprocating weights at higher speeds. 
The valve engineer must work with 
the engine designer in order to get 
adequate and uniform cooling built 
into the engine for optimum valve life. 


Valve lubrication channels must be 
designed in such a manner that they 
do not become sediment and sludge 
traps. Periodic cleaning of lubricant 
passageways is mandatory. 

Valve gutting results from inade- 
quate heat transfer from the-valve to 
the seat and can be remedied in many 
cases by rotating the valve so that 
foreign material will be rubbed off the 
seating surfaces, leaving them clean 
for proper heat transfer. 


Newton discussed valve breaking and 
burning, stating that deposits on valves 
are common and harmless until the 
deposits flake off, causing a blowtorch 
effect, and shortly thereafter, serious 
failure by burning. When the valve 
strface temperature reaches about 
1700-1800 F, the corrosion-resisting 
properties of valves seriously lessen. 

Newton further stated that most 
valve stem sticking is caused by heat 
of operation; that is, formations of 
hard deposits on the working section 
of the stem prevent the valve from 
following the motion dictated by the 
cam contour. 

Sticking is caused by both lack of 
sufficient oil or an over-abundance of 
it. A carbon relief in the valve stem, 
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in many cases, does a good job of elimi- 
nating sticking. 


Proper servicing of valve gear is a 
very important factor in prolonging 
valve life. Proper tappet adjustment, 
checking of valve stem and valve guide 
diameters at time of overhaul, and 
proper spring tension are necessary. 


Improvement of valve life through 
valve rotation is due to: (1) Keeping 
valve stems cleaner; (2) keeping valve 
and valve seating surfaces cleaner; (3) 
reducing hot spots on the valve head 
(particularly in the case of improper 
block-core designs); (4) reducing valve 
tip wear. 





STUDENT NEWS 


Fenn College 


As characteristics required for sales 
engineering, Tell Berna listed a men- 
tal attitude adaptable to selling, ability 
to deal with the same customers nu- 
merous times yet retain their friend- 





ship, integrity, an engineering type of 
mind, adaptability to people, thorough | 
knowledge of the object to be sold, 
neat but not ostentatious appearance, 
and a reputation for reliability. 

Berna is general manager of the Na- 
tional Tool Builders’ Association. He 
spoke at the Feb. 18 meeting. 


Salesmen cannot generalize, but 
must treat everyone individually, said 


Berna. There is no place for exag- | 


geration, superficial methods, or over- 
flashiness in selling engineering items. 
Berna also stressed the fact that the 
best method of becoming a good sales 
engineer is practicing the actual pro- 
cedures. People are the most impor- 
tant raw materials in the world, stated 
Berna, and a sales engineer must be 
able to judge them thoroughly and 
quickly. 
—Robert L. Pappas, Field Editor 


Detroit Institute of Technology 


As automobiles become more com- 
plicated, they require more pumps, W. 
R. Eames of Eaton Mfg. Co., said at 
the March 2 meeting, citing the Cadil- 
lac’s eight pumps. 

Eames reported that his company is 
putting out a new pump which assists 
in turning a car. 

On Feb. 24, Donald Zannoth, Detroit 
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DC Silicone Fluid Stabilizes 
Versatile Force Measuring Device 


Thrust, torque and other kinds of force are 
measured by cir in a device so sensitive and 
versatile that the same unit can measure the 
thrust of a 2000 h.p. engine while responding 
to the weight of a coin. It is used in the cradle 
dynamometer measurement of aircraft and avto- 
mobile engines, the testing of piston rings and axles 
and automatic batch weighing. And it operates 
without any movement of the measured system. 


PHOTO COURTESY 
HAGAN CORPORATION 


Accuracy of air operated, null displacement “ThrusTorq"’ 
is stabilized by DC 200 Fluid in viscous damper. 


The “ThrusTorq” made by Hagan Corporation 
of Pittsburgh is essentially an air chamber, 
one side of which is a flexible diaphragm. A 
poppet valve admits compressed air until pres- 
sure in the air chamber exactly balances the 
force exerted on the diaphragm by the torque 
arm. When the force is reduced, air is exhausted 
to maintain equilibrium. Air pressure required to 
balance the force is registered by a manometer, 
or gauge calibrated in foot-pounds. 


But the stability of a system for balancing 
inertial forces depends upon adequate damping. 
That is done most effectively by DC 200 Silicone 
Fluids in a viscous damper consisting of two 
diaphragm chambers connected by a small 
orifice in the partition plate. 


Critical damping and more compact hydraulic 
systems both depend upon the remarkably low 
rate of viscosity change in DC 200 Fluids over 
a wide temperature range. For more information 
about these silicone fluids including data on 
resistance to oxidation and to mechanical shear- 
ing, lubricity, water repellency and dielectric 
properties, phone our nearest branch office or 
write for booklet C13 D2. 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
Atlanta © Chicago © Cleveland © Dallas 
los Angeles © New York 
In Canada: Fiberglas Canada, Lid., Tororo 
In England: Albright and Wilson, Lid., London 














Which of these books 
will help you most? 


Check the ones you want and 
SEE THEM ON APPROVAL 


1. Engineering Metals 
and their Alloys 


By Carl Samans. A complete, clear knowl- 
edge of modern metals—their production, 
fabrication, characteristics, and basic 
theory—is given’ in the form most useful 
to design and purchasing engineers. Here 
you will find what you want to know on 
new high-strength, light metals, alloys re- 
sistant to corrosion or abrasion, and all 
other alloys now available for special en- 
gineering needs. This book will enable 
you to be sure you are solving your mate- 
rials problems in the most efficient, eco- 
nomical way. $7.50 


2. Powder Metallurgy 


By Paul Schwarzkopf. Completely explains the 
characteristics, processing, products and theory 
of materials that have effected savings as high as 
75%, have solved many special engineering 
problems, and are today especially important in 
new engineering projects. $8.00 


3. Simplified Punch and 
Diemaking 


By J. Walker & C. Taylor. ‘Obviously written by 
men who know their business, this book has 
roved very useful for die designing,” 


says the 
ool Engineer of one large concern. $5.00 


4. Illustrated Jig-Tooling 
Dictionary 


By T. G. Thompson & R. A. Peterson. 988 work- 
ing drawings with concise explanations show 
you at a glance what you want to know about 
any tooling procedure or piece of ea 


5. Making Patent 
Drawings 


By H. Radzinsky. Complete instruction in all 
special techniques required for patent applica- 
tion drawings, with much valuable advice from 
a patent attorney of 30 years’ experience. $3.00 


6. Improved Foremanship 


By A. Uris. Tells the production supervisor in 
plain down-to-earth terms everything he needs 
to know in order to be successful. Very reward- 
ing for any shop man and also for his boss. $3.50 


The Macmillan Co., 60 Fifth Ave., New York 11 


Please send me on 10 days’ approval copies 
i of the books checked by number below. 
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| Diesel Engine Div. of General Motors 


Corp., explained that his company’s 
diesels are balanced so that accessories 
can be placed on both sides or on either 
side. Cylinders can be combined into 
engines of two, three, four, or six 
cylinders. Two or four engines can be 
connected to work together, he said, 
adding that these multiple units are 
used in oil-well drilling and landing 
craft. 


—David Gorte, Field Editor 


Oklahoma A. & M. College 


Gasoline can be dangerous—or as 
harmless as water, R. Grant Scott, of 
Ethyl Corp., demonstrated to students. 

He pointed out that the ingredients 
necessary for combustion are fuel in 
the form of a vapor, oxygen, and heat 
to raise the vapor to its ignition tem- 
perature. Less than 1% by volume of 
gasoline vapor in a mixture of the 
vapor and air or more than 6% gaso- 
line vapor will not ignite, he said. 

His demonstrations showed that 
gasoline vapors are heavier than air, 
and no open flame or spark is needed 
to ignite gasoline vapor. An over- 
heated exhaust stack, bearing, electric 
heater, light bulb, or electric motor can 
ignite gasoline vapors. 

Safe handling of gasoline requires 
that 

1. Gasoline be kept in unbreakable 
containers 

2. During transfer of gasoline from 
one container to another, containers 
should be bonded together 

3. Hands should not be washed re- 
peatedly in gasoline 

4. Gasoline vapors should not be 
breathed. 

Scott operated a test engine on 
white gasoline of low octane value. 
Severe knocking resulted, which addi- 
tion of a small amount of ethyl fluid 
stopped completely. 


—M. L. Ball, Field Editor 


University of British Columbia 


The Student Branch entertained 135 
members of the British Columbia Sec- 
tion at dinner and conducted them on 
a tour of the engineering laboratories 
on the campus. On display were ma- 
chines, research projects, and experi- 
mental tests in the metallurgical, for- 
est products, mechanical, thermody- 
namical, agricultural, and chemical de- 
partments. 

Dean J. N. Finlayson, president of 
the Engineering Institute of Canada, 
welcomed the guests, and Section 
Chairman Harold Puxon responded. 


—L. H. Hughes, Chairman 


Oklahoma A. & M. College 


J | Successful development of an oil for 
BE ia sk calla. sands aca dpimene aceasta t 


eavy-duty service requires careful 


92 





selection of base oil and additives, 
John H. Baird of Lubrizol Corp., saiq 

Neither the source of crude, the 
method of refining, nor the type of 
additive compound alone can guaran. 
tee acceptability of heavy duty gj 
Not all oils are equally susceptible to 
improvement with a given additive, 
and not all additives provide the same 
degree of effectiveness with a given 
base oil, according to Baird. An jp. 
herently inferior base oil can never be 
transformed into a superior product 
by the simple expedient of compound. 
ing with an additive. 

Yet the right combination of base 
oil and additive nets remarkably good 
results in heavy duty service. 


—Rush Simonson, Field Editor 


Ohio State University 


On March 21, the Student Branch, 
accompanied by Prof. K. W. Stinson, 
visited the Skinner Purifiers Div. of 
Bendix Aviation Corp. Kenneth Gano, 
sales manager, and Walter Kasten, 
chief engineer, reviewed the engineer- 
ing principles behind the Bendix-Skin- 
ner line of filters, explaining the ele- 
ments of ribbon, disc, and micronic 
filters and demonstrating their avia- 
tion, automotive, and industrial appli- 
cations. 


Oregon State College 


“Rev ’em up” was one of the points 
stressed by Tom J. Collins, regional 
manager for Buda Engine Co. 

Collins stated that more engines are 
worn out by lugging than by running 
at fairly high speed. Increased rota- 
tive speeds of the modern diesel en- 
gine are making keen competition for 
the gasoline engine in many applica- 
tions. 

He gave one general rule for selec- 
tion of engine size: 1 cu. in. of engine 
displacement per 100 lb. gross vehicle 
weight. 

Arthur Jackson, Northwest manager 
for Buda, told students that his com- 
pany may soon start a training pro- 
gram for engineering graduates. 


—Rod Bland, Field Editor 


Northrop Aeronautical Institute 


There is need for design engineers 
to understand aircraft maintenance 
problems and be capable of designing 
parts that can be repaired and main- 
tained at reasonable cost, R. C. Stunkel 
proclaimed at the March 2 meeting. 

Stunkel, who possesses both an engi- 
neering degree and an A & E license, is 
president of Aviation Maintenance 
Corp. 

He believes that the airlines desire 
two types of engineers: operational en- 
gineers to determine how long parts 
can be used between overhauls and 
how they shall be overhauled, and 
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maintenance engineers to plan and 
supervise overhaul and repair. 

Present at the meeting were H. R. 
Filson, W. H. Liggett, and M. V. 
Christman of the NAI staff and E. W. 
Rentz, Jr. of the SAE staff. 

—WwW. E. Wickes, Field Editor 


Oklahoma A. & M. College 


“The heart of any electronic mea- 
surement system is the cathode ray 
tube,” said Robert W. Huddle of Okla- 
homa A. and M. College’s new Power 
Propulsion Laboratory in his talk on 
“Electronic Measurement in Engine 
Development.” 

Huddle pointed out that electronic 
measurement by use of cathode ray 
tubes has the advantage of having no 
inertia forces which lead to faulty 
readings or which sometimes make 
testing of high speed equipment im- 
possible with other mechanical ap- 
paratus. 

Quartz crystals with piezoelectric 
properties may be used to measure the 
pressure fluctuations in exhaust pipes, 
for example. By amplification and 
transmission, the wave form and fre- 
quency of the pressure changes may be 
viewed on the cathode ray tube scope. 
Huddle indicated that pressure fluctu- 
ations may be critical in engine opera- 
tion, since they may cause vacuums or 
high back pressures when exhausting 
the waste gases. These pressure fluc- 
tuations may also result in critical] 
vibrations in the exhaust pipe or ad- 
jacent equipment. Condensers with a 
movable diaphragm are also used to 
measure pressure changes. 

Measuring the distortion of a crank- 
shaft under operating loads or check- 
ing the alignment of a rotating fly 
wheel may be accomplished with an 
instrument called a dynamic microm- 
eter whose applications are limited to 
ferrous or magnetic materials, since 
its operation depends upon variation 
of the inductance of a searching coil, 
Huddle continued. 

Failures crop up in unexpected places 
due to vibration; therefore, measure- 
ments of deflections are very impor- 
tant, he said. Electronic measure- 
ment devices are capable of measuring 
the deflection due to the impact of 
dropping a straight pin on a table top. 

Electronic equipment also enables a 
laboratory to locate the position at 
which the part begins to fail while 
undergoing fatigue tests. This elimi- 
nates the guess work as to where a 
failure actually starts. 

Combinations of various testing de- 
wees accomplish results surpassing 
Rube Goldberg inventions, yet Huddle 
emphasized that the instruments in- 
volved are standard. 

—M. L. Ball, Field Editor 


New Engine Embodies 
Static Flame Front 


® Williamsport Group 
H. W. Epler, Field Editor 


March 7—The Texaco combustion 
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process eliminates knock and preigni- 
tion by minimizing the residence time 
of the combustible mixture in the com- 
bustion chamber, E. M. Barber, super- 
visor of engineering research at the 
Texas Co.’s Beacon Laboratories, said 
in his talk on “The Elimination of 
Combustion Knock.” 

Barber explained that in this proc- 
ess, fuel is injected through a spray 
nozzle in the combustion chamber into 
the path of air swirling past a spark 
plug during the time of ignition. Be- 
cause the spark is not instantaneous 
but occurs over a definite time interval 
corresponding to 10 to 20 deg of crank 
travel, it is possible to time the spark 
so that the entire fuel-air vapor mix- 
ture may be swirled past the spark and 
thus be completely burned. Instead of 
the flame front moving across a rela- 
tively stationary fuel-air mixture, it is 
stationary, and the mixture moves into 
it. 


Fuel Rating Unimportant 


It has been determined experimen- 
tally, continued Barber, that the 
Texaco combustion process is essen- 
tially independent of octane or cetane 
quality of the fuel, and that the bmep 
and fuel consumption depend primarily 
on its heating value. 

Extensive experimental test work is 
being done on a single-cylinder, vari- 
able-compression-ratio CFR engine 
with regard to fuel spray nozzle design, 
injector pump design, nozzle location 
with respect to spark plug, method of 
providing the air swirl and its fre- 
quency, and their effect on engine per- 
formance. 

It was found, according to Barber, 
that injector-to-spark angle of 60 deg 
and a swirl rate of six times the engine 
rpm resulted in knock-free operation. 
The duration of combustion in this en- 
gine is approximately 60 deg of crank 
angle, which is longer than that of the 
conventional engine. 

Aside from the advantages of knock- 
free operation using low octane fuel, 
it was found that there were practically 
no wear on spark plugs and no ring 
sticking. The efficiency of this com- 
bustion process at 10 to 1 compression 
ratio compares favorably with that of 
the conventional otto cycle engine of 
7 to 1 compression ratio. 

The speaker pointed out that since 
all test work so far has been done on 
the standard CFR engine, he feels that 
the efficiency can be improved with 
an engine designed specifically for ap- 
plication of this combustion process. 

During the question period, Barber 
mentioned that while the use of the 
Texaco combustion process in automo- 
bile engines under conditions of nor- 
mal usage is not economical due to 
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initial cost, there is a definite saving | 


of approximately 50% when a vehicle 
is driven 30,000 miles or more per year. 

The swirl type of airflow required by 
this process may be easily applied to 
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Titeflex 


offers 5 metals to meet 
every requirement... . 


You don’t need to get along with 
tubing that is “almost good enough”’ 
when you specify TITEFLEX. For 
you have your choice of FIVE metals 
for the imnercore—brass, bronze, 
monel, inconel, and stainless—to 
satisfy all specifications for temper- 
ature and corrosion resistance. For 
example, the top working tempera- 
tures of tubing made from these 
metals are as follows: 





ESS ET 250° F. 
hc. srkbncene oe 325° F. 
BRINE, « cccccccscecces 800  F. 
re 800° F. 
ES ERT Ae 1700° F. 


The latest edition of Titeflex Cat- 
alog No. 113 will give you more 
complete information on these ma- 
terials, as well as other useful facts 
about TITEFLEX, the All-metal 
flexible tubing. Write for your free 
copy today. 


TITEFLEX, INC. 


512 Frelinghuysen Ave. - Newark 5, N. J. 
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When SPECS say 
FLEXIBLE SHAFTS 
experience says: 


S. S. White 


Experience says that the selection and continued 
use of S. S. White flexible shafts on hundreds of 
power drive and remote control applications offers 
convincing proof of their excellence in perform- 
ance and dependability. 
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Experience says that a wide range of requirements 
can be met with S. S. White’s unusually large selec- 
tion of flexible shaft sizes and characteristics. 


Experience says that the cooperation of S. S. White 
engineers—always available without obligation— 
helps to provide a quick and authoritative answer 
to the details of correct flexible shaft selection and 
application. 


Experience says that S. S. White’s prompt, efficient 
service and straightforward dealing constitutes a 
reliable source of supply for flexible shafts. 


GET THIS FREE FLEXIBLE SHAFT HANDBOOK 


It contains 260 pages of facts and data on 
flexible shaft selection and application. Copy 
sent free if you write for it on your business 


letterhead and mention your position. 


S.S.WHITE gy sTRIAL suc. 


THE S. S. WHITE DENTAL MFG. CO. 








DEPT. J, 10 EAST 40th ST., NEW YORK 16, N. Y.a0 
FLEXIGLE SHAFTS + FLEXIBLE SHAFT TOOLS + AIRCRAFT ACCESSORIES 
SMALL CUTTING AND GRINDING TOOLS 
MOLDED RESISTORS + PLASTIC SPECIALTIES + 


One of, Americas AAAA Industrial Enterprises 


SPECIAL FORMULA RUBBERS 
CONTRACT PLASTICS MOLDING 
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2-cycle engines and presents none of 
the difficulties encountered in tip 
poppet valve engine. 


Cooling Needs 
Rise with Output 


© Philadelphia Section 
E. B. Eipper, Field Edito, 


March 9—Asserting that brake mean 
effective pressure and rotative speed 
are the major items that determine 
the output of any engine, R. J, §, 
Pigott reviewed the ways in which de- 
signers fail to obtain the maximum 
output and economy from conven. 
tional engines. 

Although the fundamental concepts 
advanced have been known for many 
years, illustrations taken from Pigott's 
varied experiences forcefully pointed 
out that much progress can be an- 
ticipated in the development of effi- 
cient high output engines. 


Ideal Diagram Approached 


Modern methods of calculating the 
thermodynamic properties of working 
fluids in internal combustion engines 
have greatly reduced the time required 
for the calculation of the ideal indi- 
cator card. A large aviation engine 
cylinder has been found to produce an 
indicator card with an area 80% of 
the ideal—an indication of excellent 
designing, Pigott said. 

One of the most logical methods of 
raising the overall compression ratio 
of an engine is to conduct compression 
in two stages by means of a super- 
charger. It is likely that the efficiency 
of small superchargers can be raised 
to 80%. With adequate intercooling, 
supercharging for automotive equip- 
ment appears to be a promising de- 
velopment, he reported. 


Piston in Need of Oil 


The importance of cooling was em- 
phasized with regard to cylinder lubri- 
cation, octane demand, and strength 
of parts such as bearings. As engine 
output increases, more of the cooling 
load must be carried by oil sprayed 
onto the piston. Interesting pointers 
were given on the problems of con- 
ducting an adequate supply of cooling 
oil through the haphazard maze of 
bearing oil grooves and a drilled con- 
necting rod to the wrist pin and piston. 

Engine friction can be greatly re- 
duced by rigidity of construction and 
correct lubrication. Methods of cal- 
culation of complete oiling systems, in- 
cluding bearings, are now being used 
to predict rather safely the limits of 
any proposed bearing or lubrication de- 
sign. The importance of avoiding en- 
trapment of lubricating oil between 
gear teeth in high-speed, high-output 





engines was clearly stated. 
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About SAE Members 


Cont. from p. 70 


E. D. ROACH, who had been central 
district manager for the Automotive 
Division of Thomas A. Edison, Inc., 
Chicago, has joined the Wico Electric 
Co. in West Springfield, Mass. 


o. A. RIGGS, formerly service man- 
ager at Six Robblees, Inc., Seattle, 
has formed his own company, Riggs 
Automotive Maintenance, also in 
Seattle. 


E. VAN VECHTEN is now director of 
the corporation and general sales 
manager for C. J. W. Corporation 
(cargo safety engineers). Van Vech- 
ten, formerly sales manager for Pacific 
Airmotive Corp, in Burbank, has “been 
in the automotive and aviation indus- 
tries for many years; he was with 
United Air Lines for over 17 years. He 
left United during the early part of 
the war joining the Weatherhead Co., 
and later joining Pacific Airmotive. 


DAVID MILLER is now an engineer- 
ing draftsman with Arthur G. McKee 
& Co., Cleveland. He was formerly | 
with Permutit Co., in the same ca- |} 
pacity. 


FRANK A. DEPATIE has _ been 
named manager of the newly estab- 
lished service department of the Parker 
Appliance Co., Cleveland. Depatie was 
formerly petroleum engineer in Vene- 
zuelan operation for Standard Oil Co. 
(N. J.). 


H. C. TETT was recently appointed 
general sales manager of the Anglo 
American Oil Co., Ltd., London. He 
was formerly managing director with 
Esso Division Co., Ltd., also in Eng- 
land. 


WILLIS H. STEVENS, who had been | 
field service representative for the 
Roberts Motor Co., Portland, Oreg., is 
now with the Pitchford Motor Co., 
Eugene, Oreg., as superintendent of 
the shop and parts department. 


PAUL B. KIMMEL, JR., graduate of 
Ohio State University, is now an en- 
gineer for The Travelers, insurance 
company in Cleveland; ROBERT J. 
DINDA, graduate of Case Institute of 
Technology, Cleveland, has joined the 
National Transit Pump Co., Oil City, 
Pa; JOHN EDWIN ENGSTROM, 
graduate of Purdue University, West | 
Lafayette, Ind., has joined the Joy 
M’g. Co., Michigan City, Ind., as | 
draftsman. | 





ROBERT B. DOUGLAS, president of 
Godscroft Industries, Ltd., Montreal, | 
Que., Can., was elected president of the | 
American Society of Tool Engineers at | 
their Annual Meeting in Pittsburgh. 


WILSON G. WALTERS is now in the 
Product Engineering Department of 
Eastman Kodak Co. He was formerly 

_ Affiliated with the Mack Mfg. Corp., | 
Plainfield, N. J. | 
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ROBINSON Chinounces 


VIBRASHOCK 
Mounting Systems 
incorporating 


A Great New Advance 
in Vibration and 
Shock Protection 








MET: [: FLEX = 


Here is a Mounting System which 
sets new standards of performance, 
durability, and load-tolerance. Based 
on the Robinson Vibrashock prin- 
ciple, already considered outstand- 
ing in the field, this System is cush- 
ioned with “MET-L-FLEX”—a new, 
all-steel resilient material developed 
for Robinson Mounts. 
Met-L-Flex is unaffected by tem- 
rature. It will not corrode or de- 
eriorate. The cushions are inher- 
ently damped, regardless of altitude. 


rubber or springs 


The System may be under- or over- 
loaded by as much as 35% and still 
exceed vibration isolation specifica- 
tions. And because Met-L-Flex 
offers increasing resistance as load 
is applied, the System provides a 
high degree of shock absorption. 
Vibrashock Mounting Systems 
with Met-L-Flex are available in 
standard Form Factors and designs 
for —— applications. See how 
completely they can answer your 
vibration control problems. 


Write teday for detailed literature and performance curves! 








gg Consider These Remarkable Advantages of 


Vibrashock Mounting Systems Using ‘‘MET-L-FLEX”’ 


1. DUAL-PURPOSE — Non-linear load 
deflection characteristics provide 
effective shock protection as well 
as vibration isolation. 

2. UNAFFECTED BY TEMPERATURE — 
Performance is uniform under tem- 
perature extremes. 

3. DRIFT RESISTANT—Less subjcct to 
Permanent set. 


4. INHERENTLY DAMPED — Cushion 
structure provides high damping 
action, independent of altitude. 

5. LOAD-TOLERANT—Performance 
maintained under wide range of 
loading. 

6. DURABLE—Not subject to aging, or 
deterioration in presence of oil or 
moisture. 


ROBINSON AVIATION, INC. 
51 INDUSTRIAL AVENUE, TETERBORO, N. |. 
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HAROLD H. EDWARDS, JR. is now 
a junior engineer with Chance Vought 
Aircraft Division, United Aircraft 
Corp. in Dallas, Tex. 


JAMES F. HOFFER, who had been 
affiliated with the Superdraulic Corp. 
in Detroit, has now become a project 
engineer, aircraft hydraulic devices, 
for Adel Precision Products Corp. in 
Burbank, Calif. 


DANIEL HOWLAND has become 
maintenance engineer for Piedmont 
Aviation, Inc., Winston-Salem, N. C. 


WILLIAM H. BROOKS recently be- 
came connected with the Boeing Air- 
plane Co. in Seattle, Wash. 


LEO J. KUJAWA is now a partner 
and manager of the Brighton Tool & 
Die Co., located in Brighton, Mich. 





Better CLUTCH Design 
Benefits PRODUCT Design 
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Fitting the clutch to the product — instead 
of the product to the clutch — requires that 
2h the clutch be designed, manufactured and 


: ,and Light 
* «Machines 
N= 





American Supremacy 
of Air Advocated 


Cont. from p. 79 


crime and to catch those who commit 
crimes. We have a fire department not 
because we are fire-minded, but tp 
prevent fires and to put them out when 
they get started. 

And we have our military forces not 
because we are war-mongers, but to 
preserve our peace and security. The 
stronger they are, the less likely are we 
to be challenged. A leopard will never 
attack a lion because he knows better. 
Human beings sometimes are not 
bright; but if we are strong, the 
chances are in our favor. 

Part played by air power in the last 
war need not be rehearsed. We haven't 
forgotten its role in the fall of Poland, 
Norway, Holland, and Denmark, nor 
its part in the Dunkirk evacuation, the 
Normandy invasion, and the defeat of 
Japan. 

If we had spent one billion dollars 
per year on air power from 1921 to 
1941—a total of 20 billion—we would 
have had the greatest airpower in the 
world. Then Hitler and Hirohito would 
have minded their own business. As it 
is, the war has already cost us over 240 
billions and we are still paying—to say 
nothing of the million casualties, 300,- 
000 of which never came back. 








Supervising 
Installation 
‘ 


"Sy 


Cee | 


applied to meet the product's specific needs. 
Before you approve the design for your next 
model — double check to see if it includes 
all the improvements you can give it — with 
the right ROCKFORD CLUTCH applica- 
tion. You are invited to utilize the clutch 
“know-how” of our engineers to give your 
design the technical clutch advancements 
that will provide your product with important 
competitive advantages. 


ROCKFORD CLUTCH DIVISION 


BORG-WARNER 


316 Cotherine Street Rockford tiltine 


Engines and 
Marine \r 


Units 





Air power is not only military avia- 
tion, but also civil aviation. If war 
comes, we will use our civil air trans- 
port to the maximum and it will not be 
enough. It will have to be expanded. 
(Dinner talk “Shall America or Russia 
Rule the Air?” was presented at SAE 
National Fuels & Lubricants Meeting, 
| Tulsa, Nov. 4, 1948.) 





Oil Sludge Potential 
Winter Driving Hazard 


Based on paper by 


RALPH H. KRESS 


Chevrolet Fleet Department 
General Motors Corp 


— is a distinct possibility in the 
winter if a vehicle engine runs 10 
cold and too slowly to permit adequat 
crankcase ventilation. Raising ope! 
| ating temperatures and frequent 0 
and oil filter changes are ways to coml- 
bat sludge formation. 

Running the engine between 16 
and 180F is one way of preventing 
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cold engine sludge. A higher tem- 
perature thermostat or covering the 
radiator will do the trick. 

How often the oil should be changed, 
a second sludge-preventive measure, 
depends on engine operating condi- 
tions. Periodic inspection is the best 
way to tell when the oil should be. 
changed. 

Oil filters also help against sludge 
formation. But if filters are not 
changed often enough, they can ad- 
versely affect oil and engine life. 


| Filters can accumulate enough un- 


desirable chemicals and sediment so 
that they contaminate the oil and 
promote sludge formation and oxida- 
on. 

' While these measures will eliminate 
most engine oil problems, the gasoline 
used may promote intermediate tem- 
perature sludges. 

When gasoline burns in a car engine, 
some of its less volatile fractions 
escape combustion, condense on the 
cylinder walls, and mix with oil on the 
cylinder walls. These less volatile 
fractions then slide down past the 
pistons and mix with oil in the crank- 
case. If these fractions contain un- 
saturated materials which oxidize or 
polymerize to form oil insoluble prod- 
ucts, these oxidation or polymerization 
products mix with oil and form inter- 
mediate temperature sludges. 

If the gasoline that reaches the 
crankcase does not contain the kind of 
materials that oxidize or polymerize to 
form oil-insoluble materials, no sludge 
develops—despite the presence of low- 
volatility fractions. (Paper “Winter 
Operation of Motor Vehicles,” was pre- 
sented at SAE New England Section, 
Boston, Oct. 5, 1948. This paper is 
available in full in mimeographed form 
from SAE Special Publications Depart- 
ment. Price: 25¢ to members, 50¢ to 
nonmembers.) 


Vehicle Tests To Find 
Economics of Weight 


Based on paper by 


V. M. DREW 


Fruehauf Trailer Co. 


A test program set up by the National 
Highway Research Board aims at de- 
termining the basic economics of 
Vehicle combination weights. 

Specific objectives of these tests, 
Started in June of last year, are: 

1. To determine the fuel and time 
Consumed by selected test vehicles in 
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traveling a relatively good and poor 
route over rough terrain, with various 
gross vehicle weights. 

2. To measure the performance of 
passenger cars and commercial vehicles 
that normally use the test routes. 

3. To develop a traffic flow diagram 
for each test route. 

4. To observe the speed and wheel 
slippage of the test vehicles on known 
grades. 

The vehicles selected consist of these 
seven combinations: (1) a two-axle 
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BONDERIZING Holds Paint to Metal . 
LUBRIZING Retards Wear on Friction Surfaces 
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truck with direct-mcunted body; (2) 
a three-axle or tandem truck with 
direct-mounted body; (3) a two-axle 
tractor with single axle semitrailer; 
(4) a two-axle tractor with tandem 
axle semitrailer; (5) a three-axle trac- 
tor with tandem axle semitrailer; (6) 
a three-axle truck with direct-mounted 
body pulling a three-axle full trailer, 
and (7) a three-axle tractor with tan- 
dem axle semitrailer pulling a two- 
axle full trailer. 

Each vehicle and combination is in 
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Good sock heres all. bl 


ONE OUT-WORKS THE OTHERS 


Are you looking for a metal cleaner that will do more than 
just get your production clean? Investigate Parco Cleaners. 


Parker’s research department, with the knowledge and ex- 
perience of a third of a century in the science of fine metal 
finishing, has formulated a line of cleaners whose benefits and 
advantages carry beyond the rinse-off. 


Parco Cleaners remove the grease and soil—and act to con- 
dition the metal for the next step in the finishing operation. 
Now you can select a cleaner that helps you get economy and 
uniform, high-quality results with your finish. 


Try a harder-working cleaner on your metal finishing line. Let 
us help you determine the Parco Cleaner that’s right for you. 


GET FULL INFORMATION! 


Write for technical bulletin detailing properties of each Parco Cleaner. 


Bonderite, Parco, Parco Lubrite—Reg. U. S. Pat. Off. 


Ban sag Ce, mtn 
PARKER RUST PROOF COMPANY 
2181 East Milwaukee Ave. 

Detroit 11, Michigan 


. . PARKERIZING Inhibits Rust . . . PARCO 





turn loaded to produce axle loads of 
14,000, 18,000, and 22,000 lb on each 


load-carrying axle. This permits ac- 
curate observation of performance 
characteristics through a range of 19,- 
400 to 140,700 lb gross vehicle weight. 

Each vehicle has been scheduled to 
make three round trips over the Penn- 
sylvania Turnpike and parallel routes 
U.S. 30and11. This will be equivalent 
to about 1900 miles per vehicle. 

With the power-to-gross. vehicle 


weight selected, each type of vehicle 
and combination with equivalent axle 
ratio will require about the same time 
per trip. This should accurately es- 
tablish relative economics per unit of 
weight. (Paper “Trends in Motor 
Transport,” was presented at SAE De- 
troit Section, Nov. 1, 1948. This paper 
is available in full in mimeographed 
form from SAE Special Publications 
Department. Price: 25¢ to members, 
50¢ to nonmembers.) 





GUNITE 


RIBBED - HEAVY DUTY 


BRAKE DRUMS 






THE REAL REASON FOR RIBS... 


Brake drums in heavy duty service are subject to 
severe flexing stresses imposed by the pressures of 
of the shoes, tending to stretch the drum out of 
shape; and high temperatures, sometimes running to 
over 1000°. 
Brake Drums look like cooling fins but are not. 








The characteristic ribs on GUNITE 


, Their purpose is (1) to stiffen the drum and hold it | 


in shape against the shoe pressures, (2) to permit 
the use of thinner sections and thus reduce internal | 
compressive and tensile stresses that produce “heat | 
check”, and (3) to permit axial expansion of the 
braking surface at high temperatures, further tending 
to prevent heat check and breakage. The GUNITE 
rib design was developed by hundreds of gruelling 
over-the-road tests and its effectiveness has been dem- 
onstrated by a thousand million miles of silent proof. 
Buy RIBBED Gunites for heavy duty braking! 


Write for our new folder giv- 
ing further information on the 
advantages of ribbed drums. 





GUNITE CAST WHEEL ASSEMBLIES FOR TRAILERS AND TRUCKS INCLUDE FAMOUS GUNITE BRAKE DRUMS 














New Members Qualified 


These applicants qualified for admis. 
sion to the Society between Feb, 19 
1949 and March 10, 1949. - Grades of 
membership are: (M) Member; (4) 
Associate; (J) Junior; (Aff.) Affiliate: 
(SM) Service Member; (FM) Foreign 
Member. 





British Columbia Group 
' Harry Raymond Howse (A), 


Canadian Section 


William E. Hodgson (J), Edwin 
Thomas James (A), William Kerr (M). 
James G. Rae (M), George Vaughan 
Warlow (A). 


Central Illinois Section 


Loren C. Bailey (J), David Blattner 
(J), Danforth K. Heiple (J). 


Chicago Section 

Robert Walter Boydston (J), William 
R. Butler (A), Edward W. Carman (M), 
R. J. Carter (M), Roger Hagen Laugh- 
lin (J), Louis C. Oswald (M), Frank R. 
Ward (J). 


Cincinnati Section 


Joseph W. Harris (A), Roy K. Wal- 
ther (M). 


Cleveland Section 


J. Jason Bigelow (A), Thomas F 
Githens (M), Paul J. Louzecky (M). 


Detroit Section 


Clifford L. Barkell (J), James E. 
Bonewits (A), Charles R. Burgess (A), 
Jerry Edward Cardillo (J), George 
Thomas Christiansen (M), William 
John Coughlin (M), Joseph T. Dobbs 
(A), E. M. Estes (M), Arthur R. Ficker 
(M), Chester A. Garbacz (M), Robert 
Daniel Gervais (J), Richard R. Good- 
win (J), Leonard J. Hadden (J), Wil- 
liam E. Jackson (J), Kenneth W. 
Kampman (A), Russell L. Lasho (J 
H. A. Markle (M), William E. McCarthy 
(J), William C. McIntyre (J), Thomas 
H. Terry (J), Ralph E. Williams (A 
Lewis L. Wilmot (M). 


Hawaii Section 
Edward G. Giese (A). 


Indiana Section 


Joseph F. Jamison (J), Harry E. Mc- 
Crady, Jr. (J). 


Kansas City Section 
James R. Gates (J). 


Metropolitan Section 

Rodney L. Boyer (M), Geoffrey W 
Fuchs (J), Bernard M. Gerber “J 
William Helmrich (J), Stanley B. lL 
vine (J), Irving J. Mack (M), Donald 
Harvey Muller (J), Philip Carl Pfiste? 
(J), Jerry Sica (A), Charles E. Stevens, 
Jr. (M). 


Milwaukee Section 
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Elmer O. Dale (A), James A. Stahn 
(J) 
Mohawk-Hudson Group 


John J. Cronin (A), Edward S. Gal- 
lagher (A), Ulysses A. Michaels (A). 


New England Section 
George H. Sawtell (M), R. E. Small 
(M). 


Northern California Section 
H. H. (Bud) Redden (A). 


Northwest Section 
Robert Joseph Marhefka (J). 


Oregon Section 
Robert McFarland (A). 


Philadelphia Section 
S. A. Berger (A), G. Wallace Zeller 
(A). 


Southern California Section 


William E. Keane (A), Hubert Henry 
Smith (M). 


Southern New England Section 
Winthrop Edward Hilding (M). 


Twin City Section 
Lester E. Petter (M). 


Western Michigan Section 
William Richard Kramer (J). 


Williamsport Group 
Adam E. Sieminski (M). 


Outside of Section Territory 

Raymond Harold Bohman (J), N. A. 
Carter, Sr. (A), James Carrol Key (J), 
Carl Leo Sonnenschein (J), Leon C. 
Wright (J). 


Foreign 

Herwald G. Devenish (A), B.W.1.; 
Mervin E. Dullum (A), B.W.1.; Albert 
Healey (FM), England; Turgut Oydam 
(J), Turkey; Harbans Lall Puri (A), 
England; Edward John Surman (A), 


England; Roger Worthington (A), In- 
dia. 





Applications Received 
The applications for membership re- 


ceived between Feb. 10, 1949, and 
March 10, 1949 are listed below. 





Baltimore Section 
Charles H. Williams, Jr. 


British Columbia Group 

John W. Dobie, Alvin Rupert Nolan, 
Dermot A. O’Cadlaigh. 
Canadian Section 


A. Reg. Dale, Roy W. Howsam, Don- 
ald Lachlan McGillivray, John Alfred 
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McKechan, Douglas M. Park, Thomas 
George Preston, Harry T. Smith, W. C. 
Smith. 


Chicago Section 

Martin George Gabriel, Evan E. Olm- 
stead, Joseph Nevin Peters, George M. 
Randell, Charles W. Ricker, Jr., Robert 
J. Ruppe, Howard B. Scoville, Roy H. 
Stevens, Leonard F. Swoyer. 


Cleveland Section 
Malcolm Graham Anderson, Richard 





S. Brosiua, R. T. Lewis, Paul A. Miller, 
W. R. Myers, Frederick William Witzke. 


Colorado Group 
Victor J. Hebert, Jr. 


Dayton Section 
Thomas J. Borgstrom, Frank W. 
Brooks, Richard C. Rike. 


Detroit Section 
Laurence D. Bakke, Thomas A. Bed- 
ford, Clarence G. Carlson, Robert A. 
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THE PIERCE GOVERNOR CO., INC. 









VERNORS 


your guarantee 4 


| engine performance 


_ largest governor manufacturers 
— offering more than 3,000 dif- 
ferent assemblies of Pierce Pre- 
cision Governors, Pierce Servo 
Governors and Pierce Road- _ 
Speed Governors for gas, gas- 
oline and diesel engines. 


* 1605 OHIO AVE. 









cae 


\ 4 


\ ; 
} . 
} 
f 
sa 
é 





Pierce is one of the world’s 





SERVICE AND REPLACEMENT Parts For PIERCE covernors 
AVAILABLE THROUGH PIERCE DISTRIBUTORS IM ALL PRINCIPAL CITIES 


* ANDERSON, INDIANA 





Pia CHT Ee ere SET 


Casalou, J. S. Decker, William H. Gay, 
Alfred Haselden, Oliver K. Helwig, Eu- 
gene W. Konrad, Marvin Richard 
Marsh, Sylvester Mazur, Douglas F. 
Oliver, Carl A. Olson, Jr., Charles S. 
Parker, Earl Patterson, Clarence E. 
Pickett, Eldon C. Warner, Chester Wis- 
niewski, Frank Winston Wylie. 


Hawaii Section 
Eugene Paul Duncan. 
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. ORQUE Converters are assuming increasing 
Wa importance in efficiently replacing gears 


Indiana Section 

Harrold J. Bates, O. W. Fisher, John 
Henry Glass, Robert L. Kessler, Charles 
A. Nichols, Calvin S. Yoran. 


Kansas City Section 
W. J. Hine. 


Metropolitan Section 

Julius Reiner Feinberg, Thomas J. 
Greene, Robert S. Grier, J. Robert 
Hinig, H. H. Seabrook, Jr. 








and transmission between source of power and 


point of use. 


ToLeDo STAMPING developed and_ has 


supplied hundreds of thousands of copper brazed 
steel converter blades to replace machined castings. 
The resultant saving in manufacturing cost has 
made Torque Converters available to more users. 

Lower cost, lighter weight, strong, accu- 
rate TOLEDO STAMPINGS are replacing forgings 
and castings in an ever increasing number of 


products. TOLEDO STAMPINGS can improve your 


product - 
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TOLEDO 








TOLEDO STAMPING & MANUFACTURING CO. 


Manufacturing plants at: TOLEDO, OHIO and DUBUQUE, IOWA 
Gen. Off.: 99 Fearing Bivd., TOLEDO. OHIO @ Dist. Sales Off.: 333 N. Michigan Ave.. CHICAGO, ILL. 


. . reduce your cost. 
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Mid-Continent Section 
Guy A. Fuller. 


Milwaukee Section 
George Colburn, Jr., James W. Mar. 
tin, Raymond O. Oyler. 


Mohawk-Hudson Group 
Harold R. Sennstrom. 


New England Section 
George Thomas Brown, James A. 
Gleming, Cornelius John Harrington, 


Jr., Edwin M. Johnson, Robert M. Wal- 
lace. 


Northern California Section 


Neal H. Magnus, Ted Nelson, Theo- 
dore C. Scow. 


Northwest Section 
Charles J. Wilhite. 


Oregon Section 
John Ivan Bacon, Jr., 
Cooper. 


Keith B. 


Philadelphia Section 
Francis L. Heist. 


Pittsburgh Section 
Francis C. Mueller. 


St. Louis Section 
Laurence C. Huffman. 


Southern California Section 

Edward H. Farmer, John Coates, 
Arthur Louis Karnesky, Jack Delbert 
Linard, Carlo Re, Charles Robert 
Thomson, Harry A. Walker, Eugene F. 
Ward. 


_ Southern New England Section 


George Gilbert Hammarlund, Robert 
F. Wilson. 


Spokane-Intermountain Section 
Paul William Grimm. 


Texas Section 
Wayne E. Patterson. 


Twin City Section 
Harriel Jean Schmitt. 


Virginia Section 
C. C. Sobeck. 


Washington Section 


Robert Henry Bright, William Fred- 
erick Spurr. 


Western Michigan Section 
Jacob O. Funkhouser. 


Williamsport Group 
Charles E. Blakeslee. 


Outside of Section Territory 

B. F. Bartholomew, Robert B. Butler, 
Yale W. Ehret, John Edward Gilmore, 
Jr., Cedric E. Hulme, Charles M. Mar- 
latt, R. H. Sheppard. 


Foreign 

Edward Brian Wilson, England; Wil- 
liam H. A. Dandridge, South Africa: 
Edward Reginald Palmer, England; T. 
S. Srinivasan, India; William Thomas 
Vernon, England. 
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From the first roller bearing available to 
the automotive industry, to the millions 
now produced annually, Hyatt Roller 
Bearings have been built to last. 


And for over half a century, Hyatts have 


been designed into vital positions in cars, 


trucks and buses because over these many 
years Hyatts have performed to the com- 
plete satisfaction of manufacturers, dealers 
and buyers alike. 

This unmatched record is just another 
endorsement of Hyatt quality, precision 
and performance. Hyatt Bearings Division, 
General Motors Corporation, Harrison, New 
Jersey and Detroit, Michigan. 











Change of Address 


So that your SAE mail will reach 
you with the least possible delay please 
keep SAE Headquarters and the Sec- 
retary of your local Section or Group 
advised of any changes in your address. 
Such notices should be sent to: 

1. Society of Automotive Engineers, 
Inc., 29 West 39th St., New York 
18, N. Y. 


2. The Secretary or Assistant Secre- 


tary of your Section or Group at the 
addresses listed below: 


Baltimore 


R. D. Taber, Koppers Co., Piston 
Ring Div., Bush & Hamburg Sts., Bal- 
timore 3, Md. 


Buffalo 


Robert D. Best, Fredric Flader, Inc., 
583 Division St., N. Tonawanda, N. Y. 


Canadian 
C. E. Phillips, Perfect Circle Co., Ltd., 





A New Name in 





LUBE Ol 


Oronite announces “@ 
compounding of lubri¢at 
complete balanced addit 

able base stocks and as con 


and dependability. 









SOnents for specific purposes. 
The outstanding performance of Oronite additives in 
today’s special lubricants is your insurance of high quality 


SDITIVES 











5f chemicals for the | 
hese are available as 
dy for blending into suit- 





Oronite is prepared to make special chemicals for | 
addition to lubricating oils and for other uses on a cus- 


tom basis. Inquiries are solicited. 


ORONITE CHEMICAL COMPANY 


38 Sansome St., San Francisco 4, California * 30 Rockefeller Plaza, New York 20,N.Y. 
Standard Oil Bldg., Los Angeles 15, California + 600 So. Michigan Ave., Chicago 5, Illinois 
824 Whitney Bldg., New Orleans 12, Louisiana 
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175 Wicksteed Ave., Leaside, Ont., Can 


Central Illinois 


K. J. Fleck, Caterpillar Tractor Co,, 
Peoria, Il. 


Chicago 
Floyd E. Ertsman, Chicago Section, 


SAE, 1420 Fisher Bldg., 343 S. Dearborn 
St., Chicago 4. 


Cincinnati 

W. A. Kimsey, R. K. LeBlond Mz. 
chine Tool Co., Madison Ave, & Ed. 
ward Rd., Cincinnati 8, Ohio 


Cleveland 


(Miss) C. M. Hill, 7016 Euclid Ave, 
Cleveland 3, Ohio 


Dayton 


R. S. Goebel, Production Contro) 
Units, 901 Shroyer Rd., Dayton 9, Ohio 


Detroit 


(Mrs.) S. J. Duvall, Detroit Office, 
SAE, 100 Farnsworth Ave., Detroit 2, 
Mich. 


Hawaii 
E. G. McKibben, Pineapple Res. Inst., 
P.O. Box 3166, Honolulu 2. T. H. 


Indiana 


R. P. Atkinson, Allison Div., General 
Motors Corp., Indianapolis, Ind. 


Kansas City 


F. V. Olney, Gas Service Co., Kansas 
City Mo. Div., 842 Grand Ave., Kansas 
City 6, Mo. 


Metropolitan 


(Miss) J. A. McCormick, Society of 


Automotive Engineers, 29 West 39th 
St., New York 18, N. Y. 


Mid-Continent 


W. K. Randall, Carter Oil Co., P.O. 
Box 801, Tulsa, Okla. 


Milwaukee 
H. M. Wiles, Waukesha Motor Co., 


Waukesha, Wis. 
New England 


W. F. Hagenloch, Lenk, Inc., 
Boylston St., Boston 15, Mass. 


Northern California 


H. M. Hirvo, Enterprise Eng. & Fay. 
Co., 600 Florida St., San Francisco 10, 
Calif. 


Northwest 


C. F. Naylor, Ethyl Corp., 1411 Fourth 
Ave., Seattle, Wash. 
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Oregon 


Ray Mobley, Wentworth & Irwin 
Inc., 1005 W. Burnside, Portland 9, Ore. 


Philadelphia 


Laurence Cooper, Autocar Co., Lan- 
caster Ave., Ardmore, Pa. 


Pittsburgh 
J. E. Taylor, Gulf Research & De- 


velopment Co., P. O. Drawer 2038, 
Pittsburgh 8, Pa. 
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For every hand 


qa multiple print 


of ie master plan 








The miracle of modern mass production and construction 
could never have happened had master plans and draw- 
ings been passed from hand to hand. Only their creation 


on superior original materials—and their multiplication 
7 of 


9th by prints on sensitized paper and cloth—has made possible 


the progress, speed, and accuracy we now enjoy. 
P.O. Since 1895, POST has had a vital and leading part in this 
progress through the furnishing of those original materials 
Co., and the sensitizing of papers and cloths for all types of 
machines and methods of reproducing plans and draw- 


1305 ings. POST is in its 54th year of “better” service and 
supply to management . . . engineers . . . architects ... 


draftsmen . . . who must have the finest. 


Write for your SELECTED SAMPLES Folder of the 5 top 
POST Tracing Papers and mediums —designed to fill any 
requirement or budget. It will be helpful if you tell us any 
particular type of paper you prefer. Write care of P. O. 
Box 1091, Chicago 90, Illinois. 


a5 


THE FREDERICK POST COMPANY 
» 3650 NORTH AVONDALE AVENUE + CHICAGO 18, ILLINOIS + + Detroit - Chicago + Houston + Los Angeles - Milwaukee 


Distributors in all Principal Cities 





De- : . 
2038, B FOR EVERY PLAN YOU MAKE — — — THERE’S A PAPER BY 
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Froductely Generale 


SURFACE 
FLATNESS 


vr vs 
. 








and 





PARALLELISM 





Double Surface MICROFLAT machines provide 
a high production method of generating parallelism 
between two opposite faces of a part, in one oper- 
ation. This is accomplished by mounting a number of 
parts in fixtures which rotate about their own cen- 
ters while turning around a pivot gear. Lapping 
plates, above and below the fixtures, revolve in 
opposite directions about the common center. This 
assures that every point on each surface will be 
abraded by the full area of the plate. Loose 
abrasive is automatically applied to the plates. The 
operation of these machines is simple and the results 
are consistently accurate. 








24 sets—48 parts—of these 
hardened Gerotor pump gears 
are finished simultaneously on a 
Model 844-2 MICROFLAT ma- 
chine. The surface is optically flat 
and parallel within 0.0001 inches. 
Production is approximately 1200 
parts per hour. 











DISTRICT FIELD OFFICES: 


1323 S.Santa Fe 616 Empire Bidg. 55 George St. Micromold Manufacturing Div. 
Los Angeles 21 206 S. Main St. Brantford, Ont. Boston Post Road 
California Rockford, lil, Canada Guilford, Conn, 
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St. Louis 


R. T. Adolphson, Sunnen Pr 
Co., 7910 Manchester, St. Louis 17, Mo 


San Diego 
H. L. Stone, 1561 Catalina Blvd., San 
Diego, Calif. 


Southern California 
C. L. Fernau, Standard Oil Co, 


Calif., 605 W. Olympic Blvd., Los An. 
geles 36, Calif. 


Southern New England 
C. O. Broders, Pratt & Whitney Air. 


craft Div., United Aircraft Corp. 499 
Main St., E. Hartford, Conn. 


Spokane- Intermountain 


J. F. Conner, Auto Interurban Co, 
W. 508 Cataldo, Spokane, Wash. 


Syracuse 


W. F. Burrows, Aircooled Motors, 
Inc., Liverpool Rd., Syracuse 8, N. Y. 


Texas 


E. C. Steiner, OEM Industries, 301 
N. Justin St., Dallas, Texas 














Twin City 

R. J. Strouse, Mack-Int’l Motor 
Truck Corp., 2505 University Ave., St. 
Paul 4, Minn. 


Virginia 
S. L. Baird, Fairfield Transit Co. 
R.F.D. 1, Sandston, Va. 


Washington 


H. A. Roberts, G. M. Roberts Brothers 
Co., 17th & U Sts., N. W., Washington 
9, D.C. 


Western Michigan 


L. W. Kibbey, Sealed Power Corp. 
500 Sanford, Muskegon Heights, Mich. 


Wichita 
M. L. Carter, Southwest Grease & Oil 


Co., Inc., 220 W. Waterman, Wichita 
2, Kansas 


GROUPS 


British Columbia 

Burdette Trout, Truck Parts & 
Equip., Ltd., 1095 Homer St., Van- 
couver, B. C., Can. 


Colorado 


S. G. Scott, Fenner Tubbs Co. 1009 E. 
Fifth Ave., Denver, Colo. 


Mohawk-Hudson 
Lester Anthony, Albany Transit Co. 
Inc., 135 Ontario St., Albany 5, N. Y. 


Salt Lake 


H. C. Slack, Fruehauf Trailer Co. 
1082 S. Second W., Salt Lake City, Utah 


Williamsport 
J. W. Hospers, Lycoming Div. Avco 
Mfg. Corp., 1515 Park, Williamsport, 








Pa. 
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